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Eight- pot experiments were carried out during the 'Rabi' (Winter) seasons of 
2004-2008 on Withania somnifera (Ashwagandha) and Datura innoxia. The salient 
points are summarized below. 
Experiment ] (2004-2005) was conducted on Ashwagandha according to a simple 
randomized design. The aim of this experiment was to find out the optimum basal dose of 
N viz. 0, 15, 22.5 and 30 mg N per kg soil (No, N30,1^ 45 and Neo, respectively) applied at 
45 DAS. N was applied as urea. A uniform recommended basal dose of P at 26 kg 
P per ha was also applied together with urea. P was applied in the form of sodium 
dihydrogen orthophosphate. The performance of the crop was determined with regard to 
(i) growth parameters (shoot and root lengths per plant, leaf area per plant and shoot and 
root fresh as well as dry weights per plant), (ii) biochemical parameters (total chlorophyll 
and carotenoid contents, leaf-N,P and K contents, nitrate reductase activity, carbonic 
anhydrase activity), (iii) yield characteristics (berries per plant, seeds per berry, 
100-seed weight, seed yield, root yield and (iv) quality characteristic (total alkaloid 
content). All the growth, biochemical and quality parameters were studied at 60, 120 and 
180 days after sowing (DAS). Yield characteristics were studied at the time of harvest 
(210 DAS). 
Most of the parameters studied in this experiment showed significant response 
towards N application. N45 (22.5 mg N per kg soil) proved optimum, giving maximum 
values for all the growth, biochemical, yield and quality parameters except the root length 
and root dry as well fresh weight as they were maximum for N30 treatment. The 
carotenoid and phosphorus content at all the stages of growth, seeds per berry and 
100-seed weight at harvest did not significantly responded to N. N45 level of nitrogen 
significantly increased seed yield by 23.5% at harvest and total alkaloid content by 17.3% 
at 120 DAS, over their respective controls. However higher root yield was obtained in 
N30 treatment by 14.0% over the control at harvest. 
Experiment 2 (2004-2005) was conducted on Datura according to a simple 
randomized design, to find out the optimum basal dose of N. On the basis of growth and 
biochemical parameters, yield and quality characteristics (total alkaloid content). N was 
applied at 0, 15, 30 and 45 mg N per kg soil (No, N30, N o^ and N90, respectively) at 
45 DAS. A uniform basal dose of 40 kg P per ha in the form of sodium dihydrogen 
orthophosphate was also given with urea (N). The performance of the crop was accessed 
with regard to following parameters (i) growth parameters (shoot and root lengths per 
plant, leaf area per plant and shoot and root fresh as well as dry weights per plant), 
(ii) biochemical parameters (total chlorophyll and carotenoid contents, leaf-N,P and K 
contents, nitrate reductase activity, carbonic anhydrase activity), (iii) yield characteristics 
(capsules per plant, seeds per capsule, 100-seed weight, seed yield and (iv) quality 
characteristic (total alkaloid content). All the growth, biochemical and quality parameters 
were studied at 60, 120 and 180 days after sowing (DAS). Yield characteristics were 
studied at the fime of harvest (210 DAS). 
Ngo treatment proved the best among the doses of nitrogen, tested for all the 
growth, biochemical, yield and quality parameters except carotenoid content, phosphorus 
content, seeds per capsule and 100-seed weight as they were not affected by the 
N application. Neo treatment significantly increased seed yield and total alkaloid content 
by 22.8% at harvest and 11.1%) at 120 DAS compared to their respective controls. 
Experiment 3 (2005-2006) was conducted on Ashwagandha according to a simple 
randomized design. The aim of this experiment was to find out the optimum basal dose of 
P among the four P levels viz. 0, 6.5, 13 and 20 mg P per kg soil (PQ, P13, P26 and P40, 
respectively) applied at 45 DAS. A uniform optimum basal dose of 45 kg N per ha 
determined in Experiment 1 as urea was also applied along with sodium dihydrogen 
orthophosphate. The parameters studied including the sampling stages were the same as 
determined in Experiment 1. The application of P significantly enhanced most of the 
parameters except few namely carotenoid content, seeds per berry and 100-seed weight 
per plant. Among the basal levels of P, P26 proved the best that increased seed yield and 
total alkaloid content by 23.0% at 210 and 15.3% at 120 DAS, over their respective 
controls. The root yield was enhanced by 22.2% over the respective control at harvest. 
Experiment 4 (2005-2006) was conducted on Datura according to a simple 
randomized design. The aim of this experiment was to find out the optimum basal dose of 
P among the four P levels viz. 0, 10, 15, 20 and 25 mg P per kg soil (PQ, P20, P30, P40 and 
P50, respectively) applied at 45 DAS. A uniform optimum basal dose of 60 kg N per ha 
(urea) established in Experiment 2 was also applied together with sodium dihydrogen 
orthophosphate. The parameters studied including the sampling stages were the same as 
determined in Experiment 2. Among the P levels, P40 proved optimum for all the growth, 
biochemical, yield and quality parameters studied, except carotenoid content, seeds per 
capsule and 100-seed weight which were found non-significant. This treatment gave 
higher seed yield by 22.7%o at harvest and by 17.2% total alkaloid content at 120 DAS, 
compared with that of their respective controls. 
Experiment 5 (2006-2007) was conducted on Ashwagandha according to a simple 
randomized design. The aim of this experiment was to work out the optimum dose of 
molar concentration of TRIA on the performance of the above mentioned crop in terms of 
same parameters as described in Experiment 1. Six foliar sprays each of viz. 0, 10"^ , 
10"^ ,^ 10"'' and 10"^ ^ (To, T|, T2, T3 and T4, respectively) were applied on the foliage of 
the crop at a regular interval of 15 days with the first spray applying at 45 DAS. The 
parameters studied including the sampling stages were the same as determined in 
Experiment 1. Out of the five levels of TRIA, treatment T2 proved best that enhanced all 
the growth, biochemical, yield characteristics and quality parameters except carotenoid 
content and seeds per berry and 100-seed weight which were non-significant. This 
treatment significantly increased seed yield and total alkaloid content by 42.5%) and 
19.8%) at 210 and 120 DAS, respectively over the control. The root yield was enhanced 
by 26.4%o over their respective controls at harvest. However, higher dose of TRIA (T4) 
proved to be deleterious for the crop. 
Experiment 6 (2006-2007) was conducted on Datura according to a simple 
randomized design. The aim of this experiment was to establish the optimum 
concentration of foliar spray of TRIA on the basis of performance of the crop. Six sprays 
each of the same levels of TRIA as in Experiment 5 were applied to the crop at the 
interval of 15 days, with the first spray giving at 45 DAS. All the parameters including 
the sampling stages studied were the same as employed in Experiment 2. Among the five 
TRIA levels, T2 proved the best and significantly enhanced all the parameters except 
carotenoid content, seeds per capsule and 100-seed weight as they were not affected by 
the TRIA application and was found non-significant. Treatment (T2) increased seed yield 
and total alkaloid content by 27.1% at harvest and 20.2% at 120 DAS, over their 
respective controls. However, higher dose of TRIA (T4) proved to be deleterious for the 
crop. 
Experiment 7 (2007-2008) was conducted on Ashwagandha according to simple 
randomized design. The aim of this experiment was to find out the best combination of N 
and P in the presence of the optimum concentration of TRIA spray determined in 
Experiment 5. Four basal combinations of N and P, viz. 0 kg N + 0 kg P per ha (NQPO), 
N30P13, N45P26 and N60P40 were applied. The plants were subjected with six sprays of 
10"^  ^M TRIA (T2) determined in Experiment 5. The treatments were designated as 
(i) NQPO + T2, (ii) N30P13 + T2, (iii) N45P26 + T2 and N60P40 + T2. N and P were applied to 
the soil at 45 DAS. A uniform optimum dose of TRIA was applied in similar way as 
employed for Experiment 5. The crop performance was determined in terms of same 
parameters including the sampling stages as determined in Experiment 1. The values of 
all the growth, biochemical, yield and quality parameters studied in this experiment 
(except carotenoids content, seeds per berry and 100-seed weight) were significantly 
enhanced as a result of N and P fertilizers applied basally to the soil with 
foliar-application of TRIA. Among the treatment, N45P26 + T2 proved the best that 
increased seed yield, root yield and total alkaloid content by 43.0%), 27.0%) and 20.0%) at 
harvest and 120 DAS, respectively over the control. 
Experiment 8 (2007-2008) was conducted on Datura according to a simple 
randomized design. The aim of this experiment was to find out the best combinafion of N 
and P in the presence of the optimum concentration of TRIA spray determined in 
Experiment 6. Four basal combinations of N and P, viz. 0 kg N + 0 kg P per ha (NQPO), 
N30P30, N60P40 and N90P50 were applied. The plants were subjected with six sprays of 
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10'''^ M TRIA (T2) determined in Experiment 6. The treatments were designated as 
(i) NoPo + T2, (ii) N30P30 + T2, (iii) N60P40 + T2 and N90P50 + T2. The crop performance 
was determined in terms of growth and biochemical parameters, yield characteristics and 
quality attribute (total alkaloid content). N and P were applied to the soil at 45 DAS, 
respectively. A uniform optimum dose of TRIA was applied in similar way as employed 
for Experiment 6. All the growth, biochemical and quality parameters were studied at 60, 
120 and 180 DAS. Yield characteristics were analyzed at the time of harvest (210 DAS). 
Of the four treatments, N60P40 + T2 proved best that enhanced all growth, biochemical, 
yield and quality parameters except carotenoid content, seeds per capsule and 100-seed 
weight which were found non-significant. This treatment significantly increased seed 
yield and total alkaloid content by 39.6% at harvest and 20.2% at 120 DAS. 
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IMTRODUCTION 
CHAPTER 1 
INTRODUCTION 
Medicinal plants occupy an important niche in the treatment of disease 
worldwide. Majority of the developing world continues to rely on traditional 
medicines, predominantly plants, for primary health care (Farnsworth et al, 1985; 
Chevallier, 1996; Purohit and Vyas, 2004; Sharma, 2004). In India, medicinal plants 
serve as the main form of health care for a majority of the populace, in part because of 
cultural preference and also because of the prohibitive cost of synthetic 
pharmaceutical products. For large numbers of rural and urban poor people in this 
region, medicinal plants offer the only available treatments for both minor and serious 
ailments. 
India's progress in improving the cultivation of traditional crops is a matter of 
pride for us. However, compared to other crops, little attention seems to have been 
given to medicinal plants which occupy a unique place in Indian socioeconomy 
(Jakhar et al, 2003). Therefore, many scientists have repeatedly advocated to 
undertake applied and fundamental research work on cuhivation of medicinal plants, 
several of which may attain the position of important cash crops for Indian farmers in 
future (Swaminathan, 1982; Atal and Kapur, 1982; Jakhar et al., 2003; Singh and 
Tyagi 2004). 
During the past decade, there has been dramatic increase in sales of medicinal 
plants in domestic as well as in the international market (the international market is 
growing at the rate of 7% annually). India being one of the major sources of medicinal 
plants holds a share of 2.5% in the international market (Natesh and Ram, 1999). 
Ironically, supply lags behind demand probably due to the lack of attention being paid 
to these plants which were mostly exploited from their natural resources. Therefore, 
large scale cultivation of these plants on scientific lines is the. sole dependable 
alternative which will also ensure procurement of authentic, pure and fresh source of 
the natural medicines. 
For the cultivation of medicinal plants as well as other crops, more than sixty 
factors play important roles to ensure the desired yield and quality. Among these the 
use of mineral nutrients (fertilizers) is the most important limiting factor (Wallace and 
Wallace, 2003). According to Farooqi and Shreeramu (2001), the mineral 
requirements of most of the medicinal plants remained unexplored and meagre reports 
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are available to exploit their maximum genetic potential regarding the optimum dose 
of nitrogen, phosphorus and potassium (Jakhar et al, 2003; Singh and Tyagi, 2004). 
Of these, nitrogen and phosphorus are essential for normal plant growth as well as 
development and are considered most important mineral nutrients (Lauchii, 1983; 
Wallace and Wallace, 2003). Demonstrations have shown that mineral deficiencies 
substantially impair production of dry matter and its partioning between different 
plant organs (Marschner et al, 1996; Mc Donald et al., 1996), reduce sink strength 
(Farrar and Williams, 1991; Paul and Stitt, 1993) and adversely affect the 
photosynthetic potential of source (Farrar and Williams, 1991, Stitt, 1991; Pollock 
and Farrar, 1996). To avoid mineral nutrient deficiencies, indiscriminate use of 
fertilizers is practised by uneducated farmers. This is invariably associated with the 
hazards of degradation of the soil, pollution of the environment and low yield. This 
implies that the study of the critical levels of N, P and K is, therefore, of vital 
importance for successful plant cultivation. 
It is imperative to note that at Aligarh, Afridi and his associates have 
contributed a lot in the knowledge of mineral nutrition on a number of medicinal 
plants, including Anethum, Carum, Cassia, Cichorium, Curcuma, Cymbopogon, 
Datura, Foeniculum, Lallemantia, Linum, Mentha, Nigella, Plantago, Solanum, 
Trigonella, Withania and Zingiber (Khan and Mohammad, 2006). To continue this 
project, two medicinally important plants, Withania somnifera L. (Ashwagandha) and 
Datura innoxia Mill, have been selected by the author to workout the optimum 
nitrogen and phosphorus fertilizer dose (Aligarh soil is already rich in potassium). 
These plants have been selected due to the reason that they bear following useful 
therapeutical properties. 
Ashwagandha enjoys a considerable therapeutic repute in Allopathic (Jain, 
1979), Homeopathic (Sanyal, 1982), Unani (Israeli, 1982) and Ayurvedic (Dastur, 
1964) systems of medicine. The dried roots of the plant are used as tonic for 
development of muscles and bones, against hiccough, female disorders, rheumatism, 
ulcers, senile debility etc. The leaves are applied for carbuncles, inflammations and 
swellings. The leaf-juice of this plant is useful in conjunctivitis. Decoction of bark is 
taken for asthma and applied locally to bedsores (The Wealth of India, 2003 a; 
Purohit and Vyas, 2004; Sharma, 2004). Recently, Ashwagandha has been reported to 
have anti-carcinogenic effects in animals and cell cultures by decreasing the 
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expression of nuclear factor-kappa B, suppressing intercellular tumor necrosis factor, 
and potentiating apoptotic signalling in cancerous cell lines (Ichikawa et al., 2006). 
As far as Datura innoxia is concerned, it is used in India for the same purpose as 
Datura stramonium. It is therefore, of interest as a possible source of the alkaloid 
scopolamine used as a pre-anaesthetic in surgery and child birth, in ophthalmology 
and prevention of motion sickness (The Wealth of India, 2003 b). 
The application of N and P as fertilizers has been an established practice for 
increasing the inlierent capacity of crops for growth and yield. However, fertilizer's 
efficiency reaches to a point of saturation in realizing the full genetic potential of the 
plants. Thus, the crop management should be undertaken in such a way that the 
available resources are utilized to the maximum possible extent which could further 
lead to the enhancement of crop productivity. Research results showed that PGRs can 
significantly modify crop yield and mineral balance (Khan et al, 2006; Czapla et al, 
2007; Khan et al, 2007; Khan et al, 2009). Out of several PGRs, triacontanol (TRIA) 
has also been proved a potent plant promoter in agricultural productivity. 
Triacontanol (Fig. 1) is a naturally occurring saturated long-chain alcohol that 
is known to have a growth promoting activity when supplied exogenously to a 
number of plants. TRIA brings about certain physiological changes that give rise to 
desirable yield and quality of the crops (Ries et al, 1977). 
Keeping in mind all the above aspects, the literature relevant pertinent to the 
effect of mineral nutrition and triacontanol on medicinal plants cultivation, was 
thoroughly reviewed. Obviously, it would be highly interesting and useful, if one 
could work out the influence of some macronutrient elements (such as N and P) and 
triacontanol, on the growth, yield and quality of some of these plants. Thus, there 
arises the question "Could we improve the growth, yield and alkaloid content of these 
medicinal plants by using fertilizer and triacontanol judiciously?" To test this 
hypothesis, the author has carried out the following eight pot experiments with 
different aim and objective. 
1. To establish the optimum dose of basal nitrogen (N) for desired maximum 
growth, yield and alkaloid content of Withania somnifera L. and Datura 
innoxia Mill. (Experiments 1 and 2). 
2. To establish the optimum dose of basal phosphorus (P) on the basis of growth, 
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yield and alkaloid content of both the above mentioned test plants 
(Experiments 3 and 4). 
3, To establish the best concentration for foliar application of TRIA for 
achieving maximum growth, yield and alkaloid content of the test crops 
(Experiments 5 and 6). 
4. To find out the best combination of N and P in the presence of the optimum 
concentration of TRIA (determined in Experiments 5 and 6) for achieving 
maximum growth, yield and alkaloid content of the above mentioned plants 
(Experiments 7 and 8). 
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Fig . 1: Structure formula of triacontanol 
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CHAPTER 2 
REVIEW OF LITERATURE 
2.1 Introduction 
The importance of Withania somnifera L. (Ashwagandha) and Datura innoxia 
Mill. (Datura) in Indian medicinal system has already been described briefly (Chapter 
1). Various aspects of crop that require more detailed consideration are considered 
below. In addition some attention has also been given to nitrogen, phosphorus as 
plant nutrients and triacontanol, the fatty alcohol as plant growth promoter. 
2.2 Botanical Description of Withania somnifera L. 
An erect, herbaceous, evergreen, tomentose shrub and 30-150 cm high. All its 
parts are clothed with whitish, stellate hairs. Branching is extensive, the leaf is ovate, 
entire and thin, its base is cuneate and is densely hairy beneath. The flowers are 
inconspicuous, bisexual, greenish or lurid yellow, auxiliary in clusters of about 25 
forming umbellate cymes, sessile or sub-sessile. The fruit is a berry, 7 mm across, red, 
globose, smooth, and enclosed in an inflated, calyx. The seeds are yellow in colour 
and reniform in shape. Roots are stout fleshy, outer surface is buff to greyish-yellow 
with longitudinal wrinkles and in the centre soft, solid mass with scattered pores. 
Odour characteristics, taste bitter and acrid (The Wealth of India, 2003 a; Purohit and 
Vyas, 2004). 
2.3 ClassiJfication of Withania somnifera L. 
Adapting to the system of classification of Bentham and Hooker (1862-1883), 
Ashwagandha or White cherry could be classified as follows. 
Kingdom : Plant Kindom 
Division: Phanerogamia 
Sub-division: Angiospermae 
Class : Dicotyledons 
Sub-class : Gamopetalae 
Series : Bicarpellatae 
Order: Polemoniales 
Family : Solanaceae 
Genus : Withania 
Species : somnifera 
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2.4 Distribution of Withania somnifera L. 
Ashwagandha is native to Mediterranean region in North Africa. It is found 
wild in grazing grounds in Mandsaur and tlie forestlands in the Bastar district of 
Madhya Pradesh, all over the foothills of the Punjab and Himachal Pradesh and 
Western Uttar Pradesh, in the Himalayas. Other than India, it is also found in the wild 
in the Mediterranean region in North Africa, Spain, Morocco, Jordan, Baluchistan 
(Pakistan), Sri Lanka. The crop is cultivated in an area of about 4,000 ha in India, 
mainly in the drier parts of Madhya Pradesh, in Punjab, Sind, Rajasthan and South 
India. In Karnataka, its cultivation has been reported in the Mysore district (Purohit 
and Vyas, 2004; Sharma, 2004). 
2.5 Climate and soil for Withania somnifera L. 
Ashwagandha prefers a subtropical climate. It is planted during the late rainy 
season and prefers dry weather for its successful growth. In these conditions, 1-2 late 
winter rains are enough for its root to develop fully. Places, which receive 660-750 
mm of rainfall, are suitable for its cuhivation. It grows successfully in sandy loam or 
light-red soils with good organic matter and drainage. Under such soil conditions, it is 
also easy to dig the roots out without damaging them. The soil seepage and salinity 
problems are not preferable. A soil pH range of 7.5 to 8 is ideal. The soil is prepared 
by digging it deep and is made ready for sowing before rainy season (Purohit and 
Vyas, 2004; Sharma, 2004). 
2.6 Chemical constituents of Withania somnifera L. 
The total alkaloid content in the roots of the Indian types has been reported to 
vary between 0.13 and 0.31%, though much higher yields (upto to 4.3%) have been 
recorded elsewhere. In all, 13 components have been obtained chromatographically. 
This includes choline, tropanol, pseudotropanol, cuscopygrene, 3-tigloyloxytropana, 
isopellatierine, anaferine, anahygrine, withasomnine and several other steroidal 
lactones. In addition to the alkaloids, the roots are reported to contain starch, reducing 
sugars, hentriacontane, glycosides, dulcitol, withanicil (0.08%), an acid and a neutral 
compound. In addition, the leaves are reported to contain five unidentified alkaloids 
(yield 0.09%), withanolides, glycosides, glucose and many free amino acids. The 
occurrence of chlorogenic acid, condensed tannin (also in the stems) and flavonoid 
are also reported (Sharma, 2004; The Wealth of India, 2003 a). 
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2.7 Medicinal importance of Withania somnifera L. 
The drug is mainly used in Ayurvedic and Unani preparations. Witiiaferine-A 
has been receiving a good deal of attention because of its antibiotic and anti-tumor 
properties. It is used for curing inflammation of tubercular glands and that of its roots 
for curing skin diseases, bronchitis and ulcers. In some areas, the warm leaves are also 
used for providing comfort for eye diseases. However, the roots are mostly used for 
curing general and sexual debility. 
Its fruits and seeds are diuretic in nature. The leaves are reported to possess 
anti-helmintic and febrifuge properties. An infusion of leaves is given for fevers. For 
the treatment of piles, a decoction of the leaves is used both internally and externally. 
The leaves are also used as a hypnotic in alcoholism. Externally, the leaves are used 
as fomentation for sore eyes, boils and swelling of hands and feet. As an insecticide, 
they are useful for killing body lice. An ointment prepared by boiling the leaves, is 
useful for bed-sores and wounds. The fresh leaf-juice is also applied on anthrax 
pustules. 
An infusion of the bark is given for asthma. For the treatment of scrofula and 
constipation, the root is given in the form of a decoction as well. The decoction mixed 
with long pepper {Piper longum L.), butter and honey (25-50 g) and the powdered 
root with milk or clarified butter is used as an aphrodisiac and in seminal debility. For 
chest complaints, colds and chills, its decoction is recommended. The decoction along 
with milk and clarified butter is considered as a cure for female sterility, if taken for a 
few days after the menstrual period. An enema of the roots, with their bark removed, 
is given to feverish infants. The root is also said to have been used to treat snakebite. 
It is also used in chest complaints. A paste made of the green berries with leaves and 
small twigs is useful for treating saddle-sores and girth-galls in horses (Purohit and 
Vyas, 2004; Sharma, 2004). 
2.8 Botanical description of Datura innoxia Mill. 
It is a coarse bushy annual attaining a height of 3-4 ft. The leaves of Datura 
are dark green, ovate, often somewhat cordate, about 5 inches long and 3 inches 
broad. Flowers are white and fragrant about 3 inches long. Fruits ovate-conical, 
nodding, about 2 inches long and 1.5 inches in diameter, opening at the top into 4 
valve-like forms, exposing a long central column bearing numerous light brown 
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seeds. Like most other species of Datura, D. innoxia emits a rank, heavy and narcotic 
odour (The Wealth of India, 2003 b). 
2.9 Classification of Datura innoxia Mill. 
According to the system of classification of Bentham and Hooker (1862-
1883), Datura innoxia occupies the following systematic position. 
Kingdom : Plant Kindom 
Division : Phanerogamia 
Sub-division: Angiospermae 
Class : Dicotyledons 
Sub-class : Gamopetalae 
Series : Bicarpellatae 
Order: Polemoniales 
Family: Solanaceae 
Genus : Datura 
Species : innoxia 
2.10 Distribution of Datura innoxia Mill. 
It is native to Caspian region of Europe, North America and Indian 
subcontinent. It is cultivated in Europe and South America. In India, it has been 
successfully grown in Kashmir valley, hills of Himachal Pradesh and Uttar Pradesh, 
some parts of Karnataka and also grown during winter season in northern plains (upto 
an altitude of 2,400 m). It occurs in nature in temperate Himalayas upto 2,500 m in 
hilly region of central and Southern India. The genus Datura has fifteen species about 
which 10 species are found in India. This crop is not commercially cultivated in India 
(Purohit and Vyas, 2004; Sharma, 2004). 
2.11 Climate and soil of Datura innoxia Mill. 
Datura is grown in the warmer parts of the world. It can be grown up to an 
altitude of 2,400 m. The plant is sensitive to frost and sheltered situations. Open areas 
with bright sunshine are therefore, preferred for their cultivation. In the plains, the 
plant cannot withstand high rainfall or high temperature. Locations with an annual 
rainfall of 100 cm and a temperature range between 10-15°C in winter and 27-28°C in 
May-June are ideal for its cultivation. 
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Daturas can be grown on a variety of soils but prefer rich alkaline or neutral, 
clay-loamy, soil or those tending to saline-alkaline reaction, rich in organic matter, for 
their successful growth and yield. Clayey, acidic and/or waterlogged soils do not suit 
this crop. The land is ploughed 2-3 times followed by planking. Weeds and stubble 
are removed and FYM with a basal dose of fertilizers is incorporated into the soil 
during the land preparation (Purohit and Vyas, 2004; Sharma, 2004). 
2.12 Chemical constituents of Datura innoxia Mill. 
The leaves contain 0.5% of the alkaloid. Datura innoxia Mill, is used in India 
for the same purpose as Datura stramonium L. and is a possible source of the 
alkaloid, scopolamine (The Wealth of India, 1992). Besides this, the dark residue 
from the aqueous extract of the plant, after separating the alkaloid, contains reducing 
sugars, oxalates and nitrates, but no tannin. Leaves contain a fixed oil and vitamin C, 
The seeds contain a fixed oil (The Wealth of India, 2003b). 
2.13 Medicinal importance oi Datura innoxia Mill. 
All parts are strongly intoxicant, nacrotic and anti-spasmodic. Dried leaves 
and stems are smoked for anti-spasmodic'asthma, whooping cough and bronchitis. 
Fresh leaf-juice is applied for pains, swellings, mumps and rheumatism. Fruit-juice is 
applied to scalp to check dandruff intoxicating, bitter and their paste is use in 
decaying teeth, piles and parasitic skin diseases. 
It is a commercial source of scopolamine in India and is therefore, of 
considerable medicinal value (The Wealth of India, 2003 b). Scopolamine is used as a 
pre-anesthetic in surgery and child birth, in ophthalmology and in prevention of 
motion-sickness. It is the best among all drugs tested for preventing motion-sickness 
during sea or air travel. One of its most interesting uses is a 'truth' drug having unique 
action on nervous system. It is said that a criminal under its influence is half awake 
and half sleep. His mental condition is such that he is not able to withhold truth during 
interrogation. The hydrobromide salt of scopolamine is useful in agitated, depressed 
and maniacal conditions (Dastur, 1964; The Wealth of India, 2003 b; Gerlach, 1948; 
Kirtikar and Basu, 1987). 
2.14 Inorganic plant nutrition 
Inorganic ions obtained from the soil having specific and essential functions in 
plants are called mineral nutrients and their absorption, translocation and metabolism 
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refer to as mineral nutrition. Mineral nutrients are the major contributor to enhancing 
crop production and maintaining soil productivity and necessary for maintenance of 
the physical organization and function of living cells by virtue of their function in the 
generation of energy, building molecules, participating in the repair of protoplasm and 
regulation of metabohc processes (Nason and Mc Elory, 1963; Marschner, 1995). 
Plants contain small amounts of more than forty elements but only 19 elements are 
known to be essential. These essential plant elements are mentioned below according 
to their concentration in the tissue of higher plants in decreasing order: hydrogen, 
carbon, oxygen, nitrogen, potassium, calcium, magnesium, phosphorus, sulphur, 
silicon, chlorine, iron, boron, manganese, sodium, zinc, copper, nickel and 
molybdenum (Salisbury and Ross, 1992; Marschner, 1995). Recently, two elements 
have been added in the list viz. sodium and silicon. The former is required for C-4 and 
CAM plants (Subbarao, 2003). However, silicon is essential for diatoms, Equisetacea 
(horsetails or scouring rushes) and "quasi-essential" for such important crops as rice 
and sugarcane (Epstein, 1999, 2001; Epstein and Bloom, 2005; Rains et al, 2006). In 
the following pages, a brief history of mineral nutrition and important physiological 
roles in plants, particularly those demanded in relatively large quantities (nitrogen and 
phosphorus) are given below. 
2.15 Brief history of mineral nutrition 
The antiquinty of plant nutrition can be traced back from the time of 
Democritus of Abdera (460-360 EC). He added: "Mother earth when fructified by 
rain gives birth to crops for the nourishment of man and beast. But that which came 
from earth must return to earth and that which came from air to air. Death however, 
does not destroy matter but only breaks up the union of its elements which are the 
recombined into other forms". Aristotle (384-322 BC) assumed: "Plants assimilate 
organic matter from the roots". Pliny (23-79 BC) concluded: "it is universally agreed 
by all writers that there is nothing more beneficial than to turn up a crop of lupines, 
before that have podded, either with the plough or the fork, or else to cut them and 
bury them in heaps at the roots of trees and vines". While the use of manure continued 
in medieval times there were no theoretical contributions to plant nutrition until the 
Renaissance. Palissy (1510-1589) proposed the concept that manuring was to replace 
substances lost by crop removal. Van Helmont (1577-1644) attributed plant growth to 
water. Woodward (1665-1728) drew the attention to the importance of terrestrial 
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matter for plant growth. Glauber (1604-1655) and Plattes (1600-1655) analyzed salts 
such as wood ash, limestone and invented a chemical fertilizer called "flattening salf 
(Russell, 1926; Browne, 1943). Despite the ever-prevalent belief that humus (organic 
matter) was the entire source of plant nutrients, i.e. in the 'Humus Theory' of 
Aristotle, it was critically examined by de Saussure (1767-1845). He claimed the 
importance of nitrogen for plant growth. He believed that nitrogen is obtained wholly 
by absorption of soluble organic substances present in the soil. However, in the early 
19'*' century, Leibig (1803-1873) assumed that nitrogen is absorbed from the air (not 
from humus). He gave the theory of the mineral nutrition of plants (Browne, 1943; 
Bould, 1963). 
However, more meaningful developments in plant nutrition began in the 1960s 
with Sachs, Knop, Pfeffer and others, who began the practice of growing plants in 
artificial media chiefly in water culture, to determine the elements, essentially for the 
growth of plant (Gauch, 1972). The contribution of plant nutrition as a science 
bloomed in the 20"'centuary. In due course of time, different researches, using 
sophisticated analytical techniques, were able to demonstrate the essentiality of 
nineteen elements for plant growth and development as listed above. 
2.16 Physiological roles of nitrogen and phosphorus 
Each essential plant nutrient plays a specific role in the plant. As nitrogen and 
phosphorus are removed by most crops in relatively large quantities, they are 
considered here individually in some detail. 
2.17 Nitrogen 
Nitrogen represents the mineral nutrient required in the largest quantities (1-
3% on dry weight basis) by plants and is most limiting where maximal biomass 
production is desired (Salisbury and Ross, 1992; Hell and Hillebrand, 2001). It is 
taken by plants as nitrate ions (NO]'), ammonium ions (NH4^ ) and urea (Samuel et al, 
1997; Ford and Clarkson, 1999; Von Wiren et al, 2000). Nitrogen is reduced and 
incorporated into many essential compounds, such as amino acids, proteins, enzymes, 
nucleic acids, plant growth regulators, vitamins and chlorophyll (Bandurski, 1965; 
Beevers and Hageman, 1969; Devlin and Witham, 1986; Marschner, 1995). Under 
conditions of nitrogen deficiency, characteristic phenotypes result with pale mature 
leaves and after an elongation of roots which in turn decreases shoot: root ratio. The 
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leaves and young fruits tend to drop prematurely (Salisbuo- and Ross 1992- HdJ and 
Hillebrond, 200,). E»ess supply of nitrogen leads to delayed riplning by 
encouraging „ore vegetative growtlt. The leaves ac,uire dark green colour and 
become thick and leathery. Root system is feebly developed and result in low shoot-
root rat,o. The plants become more liable to attack of pests and diseases (Black 1973 
Devlin and Witham. 1986; Salisbuty and Ross, 1992; Scheible e, at. 1997; Zhang l, 
ctl, 1999;Marschner, 1995). 
2.18 Phosphorus 
Phosphorus occurs in plants at O.I-O.40/0 on dry weight basis. It is absorbed by 
plants from the soil as monovalent (H.PO.-) and divalent (HPO.") ions. Phosphorus is 
an essential structural constituent of n^etabioiogically active compounds, like nucleic 
acrds, phospholipids, phytin, nicotinamide adenine dinuceotide, nicotinamide adenine 
dmuceotide phosphate, adenosine triphosphate, pyridoxal phosphate, nucleoproteins, 
purine and pyrimidine nucleotides and flavin nucleotide (Devlin and Witham, 1986; 
Salisbury and Ross, 1992; m\\ and Hillebrand, 2001; Marschner, 1995). It plays an 
important role in photosynthesis, respiration, regulation of a number of enzymes and 
disease resistance (Tam\imQ et ai., 1970; Raghothama, 1999). Deficiency of 
phosphorus leads to increased root : shoot ratio, changes in root morphology and 
architecture, increased root hair proliferation, root hair elongation, accumulation of 
anthocyanin pigments, proteoid root formation and increased association with 
mycorrhizal fungi, shedding of premature leaves and delay in flowering and fruiting 
(Raghothama, 1999). It also causes a decrease in photosynthesis (Hewitt, 1963). 
Excess supply of phosphorus results in increased root growth corhpared with shoot 
growth (Tamhane et al, 1970). 
2.19 Triacontanol 
Triacontanol (mol wt = 438.80) was first isolated from Lucerne (alfalfa), 
Wdicago sativa L., and identified as a straight chain, saturated primary alcohol, CH3 
CH2)28 CH2OH (Chibnall et al., 1933). It is found in plant cuticle waxes and in 
>eeswax as the palmitate and occurs in various plant species (Kolattukudy and 
Valton, 1972), usually as a minor wax component. Thus, triacontanol is synthesized 
ly plants and is a component of most biological material. Although the majority of 
'RIA in plant is bound to (and is located in), the cuticle, small amounts can be found 
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in parenchyma tissue. There is strong evidence that exogenous application of various 
long-chain aliphatic alcohol preparations and especially triacontanol (TRIA) results in 
remarkable stimulation of growth and /or yield of a number of plant species (Ries and 
Wert, 1982; Ries and Houtz, 1983; Muthuchelian et al, 1990; Srivastava and Sharma, 
1990; Misra and Srivastava, 1991). These exogenous application of TRIA regulate 
directly or indirectly several physiological and biochemical processes (Ries et al, 
1983). In this connection many studies have shown that TRIA can increase the yield 
of crops, but the results have not been sufficient to recommend its use commercially. 
Several experiments suggest that TRIA treatment cause rapid elicitation of a specific 
second messenger 9-p-L (+) adenosine, which could provide extremely rapid 
physiological responses (Ries et al, 1990) after initial application. Changes in the 
levels of several metabolites and the optimum environmental conditions for treatment 
indicate that carbohydrate metabolism may be involved in the plants response to 
TRIA. Additionally, several enzymes relating to carbohydrate metabolism increase in 
activity following TRIA treatment. TRIA has elicited many growth responses in 
plants with a rapidity not shown for other plant hormones or growth regulators (Ries 
etal, 1977). 
2.20 Effect of phosphorus and nitrogen application on Datura and 
Aswagandha 
Withania somnifera L. and Datura innoxia Mill, like other crops, responds to 
exogenously applied inputs, including nutrients. In the following pages, relevant 
available publications on performance of Datura and Ashwagandha to nutrients 
related to absorption and utilization of nitrogen and phosphorus, applied through 
soil, have been reviewed. As the present study is planned to be carried out in India, 
most of the references included are of Indian origin. 
Kaushal and Rana (2006) conducted an experiment to study the diversion of 
photosynthate to the root, which is of economic interest, by means of pruning (25 and 
50%) accompanied by different nitrogen fertilizer levels (15, 30, 60 kg N per ha). 
Significant increase in root length and volume was observed with pruning and N 
fertilizer treatments at 135, 150 and 180 days after transplanting (DAT). With the 
application of 30 and 60 kg increase was observed with 25% pruning. Interaction of 
b6th factors led to additive response and 13 cm increase in root length at 180 DAT. 
Pruning (25%) and 15 kg N per ha application double the volume of the roots. 
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whereas interaction studies sliowed drastic increase in volume (3 times at 135 DAT). 
A significant increase was also seen at 150 and 180 DAT. 
Kulmi and Tiwari (2006) studied the effect of organic and inorganic fertilizers 
(20 kg N, 60 Kg P2O5 and 40 kg K2O per ha) on the performance of W. somnifera L. 
(cv. JA-134). They observed that the treatments had no significant effects on plant 
height and plant density, but enhanced the number of branches per plant, root length, 
root diameter, quality and yield over the control. 
Panchbhai et al. (2006) studied the effect on nitrogen and phosphorus on root 
yield and quality of ashwagandha {Withania somnifera L.). They found that the 
maximum root yields were obtained with N at 50 kg per ha and P at 25 kg per ha. The 
maximum alkaloid content was obtained with N at 50 kg per ha and P at 50 kg per ha. 
They obtained more alkaloid content in roots with treatment N: P at 50: 50 and 50: 75 
kg per ha than with other treatments. 
Pandey et al. (2006) conducted an experiment to study the site specific 
nutrient management for Withania somnifera L. at subtropical belt of Uttaranchal. 
They found the maximum root yield, fresh and dry root weight, fruit number and 
root diameter in the treatment with N : P : K : Mg : S: B : Zn at 100 : 50 : 100 : 20 : 
25 : 5 : 20 kg per ha. The maximum 1000-seed weight was highest under N: P: K: 
Mg: S: B: Zn at 100: 100: 100: 20: 0: 5: 20 kg per ha. 
Ajay et al. (2005) conducted an experiment to study the effect of nitrogen (0, 
25 and 50 kg per ha) and farmyard manure on some physiological, biochemical 
parameters and quality of root of medicinal plants ashwagandha {W. somnifera L.; at 
pre-flowering and post-flowering stages. They observed significant differences in 
pigment content (chlorophyll and carotenoids) in both pre and post-flowering stages. 
The total phenol and orthodihydric phenol content decreased with the application of 
nitrogen in pre flowering stages, but increased with the application of nitrogen at post 
flowering stage. The quality of root based on the alkaloid content was found to be 
better at low nitrogen level and FYM (farm yard manure). They observed the 
maximum yield at 20 kg N per ha. 
Puttanna et al. (2005) conducted an experiment, to test organic and inorganic 
sources of nutrients for the cultivation of Withania somnifera L. They found that the 
root, shoot and seed yields were highest when neem cake was applied, which was at 
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par with 50: 60: 60 kg NPK+IO t FYM per ha. The effect of 25: 60: 60 kg NPK+ 10 t 
FYM per ha did not varied to that of 50: 60: 60 kg NPK+10 t FYM per ha but at 50: 
30: 30 kg NPK+10 t FYM per ha there was no significant effects on the total alkaloid 
content. They also observed that yield could be improved by supplementing with 25-
50 kg N, 60 kg P, 60 kg K and 10 t FYM per ha, without any change was in the total 
alkaloid content in its roots. The shoots had 1.93% N, 0.36% P and 1.93% K whereas 
the root had 1.11% N, 0.22% P and 0.87% K on the average uptake of N, P and K was 
high in cases of neem cake or combination than the control, sole inorganic fertilizers 
or sole FYM, results in high yield. 
Aishwath (2004) carried out an experiment for two consecutive years to study 
the effects of nitrogen (0, 30 and 60 kg per ha), phosphorus (0, 20 and 40 kg per ha) 
and potassium levels (0, 30 and 60 kg per ha) on the growth, yield and nutrient uptake 
of W. somnifera L. (cv. Jawahar Ashwagandha-20). He observed that plant height, 
number of branches per plant, root length and N uptake were significantly higher with 
the levels of N. Generally, plant height, number of branches, root length, root yield 
improved with N, P and K application and interaction of N x p, p x K and N x K 
were significant with respect to all the parameters except root diameter. 
Al Humaid (2004) studied the effect of graded levels of Sangral (a complex 
chemical fertilizer) per ha on the growth, alkaloid content, drug yield and nutrient 
uptake by Datura innoxia Mill, plants. Plant height, number of branches and leaves 
per plant, and fresh and the dry weights increased with increasing fertilizer rate up to 
800 kg per ha; the greatest increase was recorded for 600 kg per ha. The total alkaloid 
and drug content also increased at 800 kg per ha. The leaves and fruits were the most 
valuable organs for alkaloid and drug accumulation, followed by stem, roots and 
crowns. N, P and K in leaves linearly increased with increasing fertilizer level. They 
found that the compound fertilizers appeared to increase the availability of essential 
nutrient elements necessary for Datura growth and metabolism, causing vigorous 
vegetation and high chemical production. 
Patel et al. (2004) conducted a field experiment to study the influence of 
sowing, time of harvesting and nitrogen application on dry root yield of ashwagandha 
iWithania somnifera L.). From the foregoing results they concluded that ashwagandha 
crop can be grown in Gujarat by broadcasting method with 25 kg N per ha and 
harvesting at 210 days after sowing for getting maximum dry root yield. 
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Obidoska and Sadowska (2003) studied the effect of pH and nitrogen content 
of the substrate (soil) on the yield of W. somnifera L. Form the results they could 
CQncluded that W. somnifera L. preferred acidic soils as the highest leaf and root 
yields, withaferine-A content and yield, and N, P and K uptake were obtained at 5 pH. 
They suggested from their attributes to the inappropriate pH of the soil on which these 
plants are grown. 
Kaushal et al. (2002) conducted a field experiment to study the effects of N 
and P (15, 30 and 60 kg per ha) on the growth and yield of W. somnifera L., an 
important medicinal plant. They observed that the application of 15 kg N+60 kg P 
gave the tallest plant at vegetative phase, 50% flowering and maturity stages as well 
as the highest number of fruits per plant and seed yield. The increase in P with 15 kg 
N per ha gave a corresponding increase in dry root yield. In general, N and P 
treatments increased the number of days to 50% flowering, fruit initiation, and 
maturity as well as the number of branches at 50% flowering and maturity. 
Muthumanickam et al (2002) conducted field trials to identify the ideal source 
of phosphorus and soil amendment in ashwagandha {Withania somnifera L.) in acid 
soils. They observed that the application of rock phosphate along with dolomite 
recorded the maximum plant height, shoot weight and root weight. Likewise, the 
application of rock phosphate at 60 kg per ha along with dolomite at 5.688 t per ha 
recorded the highest root yield and total withanolide content. 
Maryada et al (2001) studied the response of W. somnifera L. to various N 
rates (0, 15, 30 and 60 kg per ha). The N fertilizer was applied in three splits after 
transplanting at 3 to 4 week intervals. They observed that the tallest plant at 120 DAT 
were obtained with 0 kg N per ha. N at 30 and 60 kg per ha resulted in the highest 
number of leaves and branches per plant. The greatest area of lower, middle and upper 
leaves, length and volume of roots, and dry weight of roots and stems were obtained 
with 15 kg N per ha. The highest leaf dry weight was recorded for 60 kg N per ha. It 
was also observed that generally, lower N rate was more effective in the enhancement 
of vegetative parameters and leaf dry matter accumulation. 
Maheshwari et al. (2000) conducted an experiment to study the effect of 
organic manures and fertilizers on ashwagandha {W. somnifera L.) cultivars JA 20 
and JA 134. Their results were very promising as they got highest dry root yield, net 
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returns and cost benefit ratio by applying 2.5 t per ha FYM + 12.5 kg N per ha + 25 
kg P per ha. Application of 5 t per ha FYM alone was also effective in increasing dry 
root yield. They also observed that their cultivar JA 20 gave higher yields than JA 
134. 
Muthumanickam and Balakrishnamurthy (1999) conducted field trials with the 
objective of increasing root yield and determining nutrient requirements of Withania 
somnifera L. They observed that their treatment with 40 kg N, 60 kg P and 20 kg K 
per ha gave the highest dry root yield and highest root withanolide content. 
Maitra et al (1998) conducted an experiment to study the response of plant 
nutrients on growth and alkaloid content of Withania somnifera L. Application of 
NPK (28: 28: 28 g per 1.3 m )^ gave the best and significant increases in vegetative 
growth, flowering and fruiting.They found that the two NPK treatments of 28: 28: 28 
and 42: 42: 42 were the best treatments for root yield and alkaloid contents in root. 
Demeyer and Dejaegere (1997) studied the effect of nitrogen and alkaloid 
accumulation and partitioning in Datura stramonium L. Although their results showed 
that high level of NOj" decreased the alkaloid concentration in relatively young plants, 
high levels of NOj" increased nitrogen uptake and alkaloid yield was associated with 
the vegetative plant parts, while in older plants increased alkaloid yield was 
associated with the generative plant parts. NOa" dose effects on the hyoscyamine to 
scopolamine ratio and were influenced by plant development. 
Demeyer and Dejaegere (1993) studied the influence of nitrogen on the 
alkaloid content of Datura stramonium L. They found no significant difference in 
yield between both treatments, neither for the leaves nor the stems and roots. They 
also found that replacing part of NOs" nitrogen by NH/- nitrogen leads to an 
increased alkaloid biosynthesis. 
Dethier et al. (1993) studied the cultivation of Datura species for scopolamine 
and hyoscyamine production. They found that N application (mineral + organic 
fertilizers) increased biomass and leaf hyoscyamine concentrations but decreased 
scopolamine concentration. Transplanting and thinning resulted in less growth and 
consequently less growth and consequently less hyoscyamine but an overall increase 
in alkaloid content due to higher levels of scopolamine. 
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Shetty et al. (1990) studied the effect of nitrogen, phosphorus and potassium 
on herbage yield and alkaloid content in Datura stramonium L. in a field experiment. 
They found that no significant difference in the value of 11 parameters of vegetative 
growth, and 7 pertaining to seed characteristics, resulting from 6 different fertilizer 
treatments. However plant treated with 90 + 30+ 50 kg NPK per ha exhibited the 
greatest height, spread, leaf weight, number of seeds per fruit, leaf alkaloid content, 
total alkaloid yield and lowest accumulated stem dry weight at harvest. 
Afaq (1978) worked out the nitrogen and phosphorus requirement for Datura 
innoxia Mill, in two different field experiments. He noted that 60 kg N per ha and 90 
kg P2O5 per ha applied basally was optimum for the selected parameters of growth as 
well as for alkaloid content. He also observed the effect of spray of N, P and K on the 
same plant in pot culture experiment, and found that the spray of nitrogen increase the 
alkaloid content most, while the phosphorus spray increases shoot and root length 
diameter and branching, similarly potassium spray also resulted in maximum shoot 
and root length as well as fresh weight. However, alkaloid content was least in this 
treatmeni. 
Ruminska and Gamal (1978) studied the effect of nitrogen fertilization on 
growth, yield and alkaloid content in Datura innoxia Mill. Their results indicated that 
the growth of Datura innoxia increased with increasing the amount of nitrogen 
fertilization from 150 mg N per L to 450 mg N per L and then decreased at higher 
doses such as 600 mg N per L of soil. They also found that the growth of Datura was 
higher when plants received NH4^  than when they received two other forms. 
Application of nitrogen fertilizer in one dose at the time of sowing brought better 
results in connection with growth of Datura innoxia Mill, than the two other times of 
application under study. There was no remarkable influence of levels, forms and time 
of adding nitrogen fertilizers on the total alkaloid content. Also there was no 
relationship between the % of total N in plant organs and the % of alkaloid 
concentration. 
Afridi et al. (1977) studied the effect of four levels of nitrogen on growth and 
alkaloid content of Datura innoxia Mill. The length of plant, fresh weight, dry weight 
and alkaloid % of leaves was found to be significantly higher in treated plants over 
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control. They also noted that 60 kg N per ha proved optimum for all the selected 
parameters under existing conditions. 
Czabajski et al (1974) studied the NPK requirements oWatura innoxia Mill, 
and noted that the nitrogen gave maximum response when it was supplied with 
phosphorus and potassium. NPK fertilization and applying lime to the soil did not 
change the scopolamine and atropine content but the highest yields of the compound 
were obtained when full fertilizer and lime were applied. He also noted that the 
plant's requirement for nitrogen and phosphorus were considerable. 
Czabajski et al. (1973) in their study on cultivation of Datura innoxia Mill, 
reported that yield of scopolamine increases with the application of NPK fertilizers. 
However, they reported that the fertilizer response was variable in 3 test years. 
2.21 Effect of phosphorus and nitrogen application on some alkaloid bearing 
solanaceous medicinal plants. 
The literature regarding Ashwagandha and Datura are very few therefore some 
alkaloid bearing solanaceous medicinal plants have been mentioned below. 
Duan and YuChang (2007) studied the effect of N, B and Mg on yield and 
quality of tobacco cultivar BSl. They found that nitrogen fertilizer application greatly 
affected yield and quality of BSl and the suitable application rate was 75 kg N per ha. 
The average price, proportion of tobacco leaf and appearance quality decreased with 
increased nitrogen fertilizer application. 
Karaivazoglou et al (2007) studied the influence of liming and form of 
nitrogen fertilizer on nutrient uptake, growth, yield and quality of Virginia (flue-
cured) tobacco. They found in that comprehensive quality of tobacco was improved, 
having small odour, suitable irritation, comfortable lingering smell, wild smoke and 
good combustibility. The quality discrepancy between the leaves in different position 
was also diminished. They therefore, recommended the optimum fertilizer blends for 
the tobacco grown in Henan Province of 50 % sesame cake nitrogen with 50% 
chemical fertilizer nitrogen. 
Kowalczyk and Koscik (2004) studied the influence of N fertilizer rates (0 to 
45 kg N per ha) and forms on tobacco yield and quality. They found that an increase 
in nitrogen fertilizer application improved the yield of leaves but at the same time 
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made the raw material quality worse. Calcium nitrate fertilizers caused a decrease of 
light grades share and carbohydrates content as well but on the other hand it increased 
nicotine and protein content. Despite the decrease in the leaf quality, much more 
profitable effects were obtained after ammonium nitrate application. 
Greco et al.\\999) studied the effect of transplanting density and nitrogen 
fertilizer application (0, 30 or 60 kg N per ha) on oriental tobacco cv. Erzegovina to 
its yield and quality. They found that plant height, leaf number, middle leaf area and 
percemage of leaves of high quality grades increased with N application. Leaf number 
was highest at the lowest density, while cured tobacco weight increased with 
increasing density. 
Pospisil et al. (1998) carried a study to determine N uptake and dry matter 
accumulation of burley tobacco as affected by nitrogen fertilizer application (0, 100, 
200 and 300 kg N per ha). They found that the nitrogen requirement of both cultivars 
were highest between 50 and 90 days after planting. At the end of the growth period, 
dry matter in the leaf stopped increasing, whereas it continued to rise in the stalk. 
Total nitrogen concentration in the leaf and stalk dry matter increased with up to 200 
kg N per ha. Nitrogen uptake per hectare increased with up to 300 kg N per ha in both 
cultivars, particularly in Culinec. 
Yancheva (1998) studied the nicotine content of oriental tobacco in relation to 
the rate of nitrogen fertilizer. It was found that the nicotine content was greatest in 
pickings III and IV, and increased with increasing N application rate from 1.5 to 12 
kg per ha, viz. from 1.05 to 1.45% in non-irrigated tobacco, and from 0.82 to 1.22% 
in tobacco under optimum irrigated conditions. The nicotine content was found lowest 
in first picking (0.70-1.08%). 
Carotenuto and Tremola (1996) studied the effect of cultivar, nitrogen 
fertilizer application and harvesting date on yield of stalk-cut burley tobacco. They 
found that yield increased with increasing N rate (i.e. 0, 150 or 300 kg N per ha) and 
were highest in tobacco cv. IST4. Quality was higher at the later harvesting date. 
Greco et al. (1996 a) studied the effect of planting density and nitrogen 
fertilizer application on oriental tobacco cv. Perustitza, its yield and quality 
characteristics. They found that the yield increased with increasing N rate (0, 30 or 60 
kg per ha) and plant density, and varied between years. N fertilizer generally had a 
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positive effect on yield components, but quality decreased with increasing N rate, 
with a decrease in the % of reducing sugars and an increase in the % of N and 
alkaloids. 
Greco et al. (1996 b) studied the response of flue- cured tobacco {Nicotiana 
tabacum L.) to nitrogen fertilizer. They found that the cured leaf yield increased with 
increasing N rate (0, 30 or 60 kg N per ha). Cured leaves have a high sugar content 
compared with the alkaloid content. N fertilizer increased the content of alkaloids and 
total N and decreased the content of sugars, giving a better sugar : alkaloid ratio. 
Murage et al. (1996) studied the leaf yield and nutritive quality of the black 
nightshade {Solanum nigrum L.) as influenced by nitrogen application. They found 
that with application of 5 g N per plant, leaf yield and ascorbic acid content were 
more than doubled, crude protein and beta-carotene contents were increased by about 
60% and crude fat content was increased from 5.0 to 6.8g per lOOg dry weight, 
compared with controls. They also found that the dry matter and crude fiber contents 
decreased with increasing N application rate (0, 5, 10 or 15 g N per plant). N 
application has little effect on leaf K, Ca and Mg concentrations, or on phenolic 
compounds and oxalates, but nitrate N was increased 10-folds by the application of 5g 
N per plant and continued to increase with increasing N application rate. 
Sifola et al. (1996) studied the effect of increasing nitrogen fertilizer rates (0, 
120, 240 or 360 kg N per ha) under different irrigation regimes on yield and quality of 
burley tobacco {Nicotiana tabacum L.). They found that the yield was increased by 
irrigation and N. Irrigation increased lamina yield and burning duration. Irrigation 
decreased nicotine content of smoke, while N fertilizer increased it. 
Koscik (1995) studied the effect of row and broadcast application of nitrogen 
fertilizer, yield and quality of bright tobacco grown in a banded arrangement of rows. 
They found that with broadcast N fertilizer, leaf yield increased 2.1 t per ha with 15 
kg N to about 2.34 t per ha with 45 kg N. With banded N application, corresponding 
yields were about 2.22 and 2.44 t per ha. Leaf quality was not affected by fertilizer 
application method but decreased with increasing N rate. 
Rao et al. (1994) studied the effect of slow release nitrogen fertilizer on bidi 
tobacco yield. They found that there was no yield difference between different 
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sources (ammonium sulphate, large granulated urea or urea) and rates of N 
application (90- 150 kg N per ha). 
lordanov and Yancheva (1990) studied the changes in biological and 
morphological characteristics of oriental tobacco under the influence of different 
levels of nitrogen fertilizer. They found that increasing N rates (20, 40 or 60 kg N per 
ha) decreased the proportion of leaves in the biomass yield and increased that of stem 
compared with that of control, and also increased susceptibility to lodging. They 
suggested that crops should be given no N or 20 kg N per ha when grown for 
mechanized harvesting of whole plants. 
Mitreva and Apostolova (1989) studied the effect of the application of 100% 
N (3g per pot) as ammonium nitrate or urea before transplanting, 75% N as 
ammonium phosphate before transplanting + 25% N as potassium nitrate 20 DAT 
(days after transplanting) or 75% N as potassium nitrate + 25% as ammonium 
phosphate on biological and economic yield per plant, bright leaf yield, nicotine, 
sugar, N, K, Ca, Mg and sulphate content in leaves are described. They found that the 
N form showed a definite effect on nutrient uptake from the soil and on N, nicotine, 
sugar and protein contents in leaves. 
Marambe and Sangakkara (1988) evaluated the different nitrogen fertilizer 
techniques on emergence and growth of tobacco seedlings. They found that seedling 
emergence showed no response to fertilizer application. The different N sources 
(ammonium sulphate or urea) had no significant effect on total root length but basal 
and earlier applications increased root length and dry weight. Leaf area and shoot dry 
weight were greater with ammonium sulphate and with basal or earlier application. 
Bea and Choo (1987) studied the effect of nitrogen fertilizer on maturity and 
chemical composition of Burley tobacco. They found that the filling capacity of cured 
leaves decreased with increased N rate (17.5-40.5 kg per ha). Leaf maturity was 
delayed and total N and alkaloid concentration increased with increased N rate and 
with the use of side dressing. Total leaf content 90-110 DAT and total alkaloid 
content 110 DAT were positively correlated with leaf chlorophyll content which 
increased with increased N rate. Total N content tended to decrease, while alkaloid 
content increased between 60 and 110 DAT. 
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Seo et ah (1986) studied the effect of fertilizer application level and top-
dressing method on the yield component and fruit yield of Lycium chinense Mill. 
They found increase in their parameters like stem length, leaf area, dry weight and 
yield, when twice the standard (1.75 kg per ha) amount of K2O was applied. Good 
correlation was found between the uptake of N, P and K and dry weight and best 
results were obtained with 3.45 kg N, 3.55 kg P2O5 and 3.76 kg K2O per ha. They also 
found that the dry fruit yield of a top-dressed plot was 20% greater than that of basal-
dressed plot due to increases in leaf area per plant and plant dry weight. 
2.22 Effect of triacontanol application on plants 
Triacontanol (TRIA), a growth regulator is said to ameliorate the growth, yield 
and quality of crop as it implicate photosynthesis (Eriksen et al, 1981; Haugstad, 
1983) which is of prime importance and thus leads to an increased growth and dry 
weight which attributes to better performance of photosynthesis and accumulation of 
photosynthates. In the following pages, an effort has therefore, has been made to 
review the relevant available work in India and abroad on triacontanol application to 
the plants. 
Naeem et al. (2009) studied the effect of foliar application of triacontanol (0, 
10 , 10 , 10" , and 10" M) on nitrogen fixation, enzyme activities, photosynthesis, 
crop productivity and quality of hyacinth bean {Lablah purpureus L.). They reported 
that foliar spray of 10"^ M TRIA is beneficial for the plant. 
Krishnan and Kumari (2008) studied the effect of n-triacontanol on the growth 
of salt stressed soybean {Glycine max L.). They reported that foliar spray of TRIA 
was able to restore the normal metabolic process in the salt stressed soybean and 
observed an increase in specific leaf area, chlorophyll pigments and nucleic acid. 
Tomar and Singh (2007) studied the effect of foliar application of nutrients 
and bioregulators on growth, fruit set, yield and nut quality of walnut {Juglans regia 
L.). They reported that the highest tree growth, tree height, trunk girth and shoot 
extension growth were observed with 0.5% urea + 0.6 ml Paras (a triacontanol 
formulation) per L treatment. The highest fruit set, fruit retention and nut yield were 
recorded under H3BO3 + Paras (0.1 % + 0.6 mL per L) treatment, whereas the highest 
nut weight and kernel weight were observed upon treatment with urea + Paras (0.5% 
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+ 0.6 mL per L). The highest kernel protein and kernel oil content were recorded upon 
treatment with urea at 0.5%. 
Khan et al. (2006) conducted a pot experiment to study the effect of foliar 
spray (0, 0.25, 1.0, and 2.0 ppm aqueous solution) on the growth, yield and quality 
parameters of two varieties of tomato. They found that increasing levels of the growth 
regulator up to 1 ppm enhanced most parameters, including fruit yield. They were 
surprised to see that beta- carotene and lycopene contents were also increased by 
triacontanol application. Ascorbic acid was not affected by the spray of TRIA. 
Sharma et al. (2006) studied the effect of kinetin and triacontanol effects on 
leaf characteristics, NRA, nodulation and yield in soybean {Glycine max L.) under 
reduced light intensity. A decrease in leaf area, number and fresh weight of nodules 
and NRA was recorded under reduced light intensity and both stages (nodule 
initiation and flowering), which resulted in decrease in yield. They found that spray of 
kinetin (10 ppm) and TRIA (1 ppm) at reduced light intensity recorded an increase in 
leaf area, number and fresh weight of nodules, NRA, chlorophyll and yield over the 
control. 
Brar and Rana (2005) reviewed TRIA applications in temperate fruit 
production, highlighting its effect on plant growth characteristics (photosynthetic 
efficiency, plant growth and plant nutrient status), fruit set, yield and quality (fruit 
growth, total soluble solids, firmness, pulp : stone ratio, titratable acidity and 
total/reducing sugars). 
Naeem and Khan (2005) studied the effect of foliar spray of TRIA (0.0, 0.5. 
1.0 or 1.5 ppm) at 30 and 40 DAS (days after sowing) on growth performance of 
Hyacinth bean, Dolichos lablab L. They reported that the maximum value for all the 
parameters studied namely, plant height, fresh and dry weights, number of leaves, dry 
weight of leaves, leaf area per plant, and number of branches per plant were evaluated 
at 60 DAS with 1.5 ppm TRIA. 
Dhall and Ahfuja (2004) studied the effect of Vipul (a formulation containing 
triacontanol) on yield attributing characters of tomato {Lycopersicon esculentum 
Mill.) cv. Yogi. It was reported that the highest number of branches per plant, fruits 
per plant and early and total yields per plant were obtained with 0.75 mL Vipul per L 
treatment. 
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Singvi et al (2003) studied the effect of Seriboost (a formulation containing 
triacontanol) on yield components, leaf yield and pigment content in mulberry. They 
found that foliar application of 2.5 mL per L of Seriboost improved the growth pattern 
and leaf yield compared to the control. A biochemical analysis of the leaves showed 
higher chlorophyll and mineral content of the plants treated with 2.5 and 3.0 mL per L 
Seriboost. 
Sumeria (2003) studied the effect of phosphorus, triacontanol granule and 
growth promoters on mustard {Brassicajuncea L.). It was reported that application of 
60 kg P per ha and triacontanol granules at 30 kg per ha significantly increased the 
growth parameters, yield attributing characters (including number of siliqua per plant, 
seeds per siliqua and 1000-seed weight), seed yield, N and P contents and their uptake 
in seed and straw and oil content, over lower P levels. It was found that foliar 
application of triacontanol significantly increased the growth and yield attributing 
characters, seed yield, N and P contents and their uptake, oil content over Mixtalol (a 
mixture of TRIA and long-chain aliphatic alcohol) and Multiplex (a mixture of 
trace elements and NAA). 
Ilango and Vijayalakshmi (2002) studied the effect of some growth regulators 
and chemicals on yield and quality attributes in tamarind {Tamarindus indica L.). 
They found that all the treatments with growth regulators and chemical exhibited 
significant effects on yield and quality attributes. Treatment with triacontanol 20 mL 
per tree resulted in maximum pod yield. The pod characteristics such as pod weight, 
pod width, pod length and pulp content were enhanced by cycocel at 1500 ppm. The 
foliar spray of urea at 1.5% enhanced the total acidity as % of tartaric acid, protein 
and carbohydrate content whereas TRIA at 20 mL per tree increased the ascorbic acid 
content, total sugars and total soluble solids. 
Kumar et al. (2002) studied the effect of plant growth regulators in 
combination with fertilizer solutions on the growth and yield of Indian mustard 
{Brassicajuncea L.) cv. Varuna. They found that there was no significant effect of 
nutrient-bioregulator mixture on yield components such as plant height, number of 
branches, number of siliqua and length of siliqua. Application of diammonium 
phosphate + TRIA (1 mL per 2 L water) resulted in significantly highest seed yield 
due to high number of seeds per siliqua and test weight. This was followed by urea 
1% + TRIA (1 mL per 2 L water). Although, growth parameters did not differ 
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significantly, there was an increase in plant height, number of branches per plant and 
length of siliqua, respectively, over the control due to application of bioregulators. 
Sivakumar et al. (2002) studied the effect of foliar application of growth 
regulators on biochemical attributes and grain yield in pearl millet {Pennisetum 
glaucum L.). They found that the application of growth regulators increased the 
content of chlorophyll, soluble protein, NRA, uptake of nitrogen, grain yield, grain 
protein and total sugar content. Among the treatments, 40 ppm brassinosteroid and 10 
ppm triacontanol were found to be the best in increasing the grain yield. 
Sharma et al. (2002) studied the effect of triacontanol (5-10 ppm) and 
paclobutrazol (50 and 100 ppm) on photosynthetic efficiency, carbohydrate 
metabolism and leaf nutrient status of almond (Prunus armeniaca L.) cv. Nonpareil. 
They found that the plants treated with TRIA and paclobutrazol accumulated 
significantly higher chlorophyll content in their leaves over the control plants. TRIA 
application resulted in higher photosynthetic rate and translocation of assimilates and 
water. Treatment with 10 ppm TRIA recorded higher total leaf, carbohydrates than 
other treatments. Similarly, paclobutrazol application also increased the carbohydrate 
level over the control. Treatmem with TRIA increased the leaf macronutrient status, 
while treatment with paclobutrazol reduced the leaf N, P and K contents but increased 
the foliar Ca and Mg content over the control. 
Konde et al. (2001) investigated the response of groundnut {Arachis hypogaea 
L.) grown on vertisol to phosphorus and TRIA. They found that basal application of 
50 kg P2O5 per ha followed by spraying of 15 ppm TRIA at 30 DAS recorded 
significant synergistic effect and obtained maximum quality produce of groundnut. 
The content and uptake of nutrients were also improved by this treatment. 
Murali and Setty (2001) studied the effect of growth, yield and nutrient uptake 
of scented rice (Oryza sativa L.) as influenced by levels of NPK, vermicompost and 
triacontanol. They reported that rice Pusa Basmati-I responded significantly to the 
application of NPK at 150-75-75 kg per ha, recording an increase in total dry matter 
production at all 3 growth stages, number of panicles per plant, number of grains per 
panicle, grain yield and total N uptake. Vermicompost applied at 5 t per ha exhibited a 
significant influence on the aforementioned characters. The plant growth regulator 
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TRIA significantly increased dry matter production, grain yield and nitrogen uptake, 
which was effective only at 500 mL per ha but not at 250 mL per ha. 
Muthuchelian et al. (2001) studied the effect of TRIA to protect Erythrina 
variegata L. from cadmium toxcicity. With increasing Cd^ ^ concentration (0, 10, 100 
and 1000 \i mol per L) in the nutrient solution they monitored decrease on certain 
parameters of growth, pigments, starch, CO2 fixation, ribulose-1,5 bisphosphate 
carboxylase, NRA and photosynthesis. When they used TRIA spray (1 mg per kg 
water) on the seedlings, the cadmium effect was partially or completely reversed, 
indicating that TRIA can protect E. variegata from cadmium toxicity. 
Shrivastava et al. (2001) conducted a field experiment to study the effect of 
plant growth regulators on growth, yield and nutrient uptake by chickpea {Cicer 
arietinum L.). They found that foliar application of 250 mL TRIA (Vipul) per ha at 
30, 40 and 50 DAS produced the highest growth,and yield components with increase 
in grain yield compared to the control. The treatment also recorded the highest total 
N, P and K uptake. 
Barua and Das (2000) investigated the effect of leaf and shoot growth in tea 
{Camellia sinensis L.) as affected by some growth substances. They found that shoot 
characteristics like leaf area, leaf: shoot ratio and matter content of .the plants showed 
considerable increase almost throughout the season with 0.10% cytozyme and 3.0 
ppm TRIA. 
Chandra (2000) studied the effect of TRIA granules (Vipul 0-30 kg per ha) on 
cane yield and quality of sugarcane {Saccharum officinarium L.) cv. COBLN 9014. 
They found that application of TRIA increased cane yield and was highest with 20 kg 
TRIA per ha. 
Kumaravelu et al. (2000) studied the effect of TRIA induced changes in the 
growth, photosynthetic pigments, cell metabolites, flowering and yield of green gram 
{Vigna radiata L.). They found that the foliar spray of 0.5 mg per dm'^  TRIA 
significantly promoted the plant height, fresh mass and contents of chlorophyll, 
saccharided, starch soluble proteins, amino acid and phenol. Leaf nitrate content was 
reduced by 0.5 and 1.0 mg per dm'' TRIA with a corresponding increase in nitrate 
reductase activity. TRIA at 0.5 mg per dm^ stimulated the onset of flowering, pod 
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production and retention, treatment with 2.0 mg per dm^ decreased numbers of pods 
and seed per plant. 
Muralidharan et al. (2000) studied the influence of biostimulants on yield and 
quaHty of tomato {Lycopersicon esculentum Mill.) PKMl. They found that foliar 
sprays of different growth stimulants significantly increased the yield and quality 
parameters of tomato. The highest yield response was obtained by foliar sprays of 
0.1% Vipul (a triacontanol formulation) at 300 mL per ha at 25, 45, and 65 DAT. 
D'Souza et al. (1999) studied the effect of TRIA (0, 0.25, 0.025 or 0.05% n-
triacontanol thrice at monthly intervals) on physiological attributes of coffee {Coffea 
arabica L.) cv. Cauvery seedlings. It was found that there was an increase in 
photosynthetic efficiency, chlorophyll a, total chlorophyll content and chlorophyll a/b 
ratio was significantly higher in seedlings treated with TRIA after two sprays 
compared to control plants, however no such significant increase was observed after 
the third spray. The increase in the efficiency of treatment plants resulted in increased 
growth and total dry matter accumulation which may be due to the higher content of 
total carbohydrates. TRIA had no significant effect on NR activity of coffee. 
Pujari et al. (1998) studied the effect of chemical fertilizers, FYM and TRIA 
on the performance of pigeonpea (Cajanus cajan L.) cv. Maruti. They found that 
application of 500 kg per ha well decomposed powdered (FYM) in combination with 
75 and 50 % of the recommended chemical fertilizer rate of 25: 50 kg N: P per ha 
recorded 6 and 5% higher seed yield, respectively than recommended chemical 
fertilizer alone. Seed yield of pigeonpea was increased by 13, 10 and 16% by spraying 
2% urea at 45 DAS, ImL TRIA per L at flowering and combined application of urea 
and TRIA, respectively, compared with application of recommended fertilizers alone. 
Muthuchelian et al. (1997) studied the photosynthesis and growth oi Erythina 
variegata L. as affected by water stress and TRIA. Water stress significantly reduced 
shoot growth rate, while roots continued to grow. Content of chlorophyll 'a' increased 
more than that of chlorophyll 'b'. Water stress also reduced photosynthetic activity of 
chloroplast. They found that all the parameters were improved by TRIA application. 
Shukia et al. (1997) studied the effect of foliar spray of plant growth regulator 
and nutrient complex on productivity of soybean (Glycine max L.) var. JS 79-81. 
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They found that a double spray of TRIA appHcation enhanced the number of pods per 
plant, pot weight per plant and gave a 17.7% higher seed yield over the control. 
Muthuchelian et al (1996 a) studied the effect of TRIA on saU stressed 
Erythrina variegate L. seedlings. They also studied the change in composition and 
activities of chloroplast. They found that the inhibition of PS II in salt- stressed plants 
was caused by damage to the oxygen-evolving polypeptides (33, 23 and 20 k Da) of 
thylakoid membranes as well as by changes in the saturated fatty acids. Application of 
TRIA ameliorated the effect of salt and promoted the ratio of unsaturated and 
saturated fatty acids, the rate of CO2 fixation and the activity of ribulose 
1,5-bisphosphate carboxylase. 
Muthuchelian et al. (1996 b) studied the ameliorating effect of TRIA on salt 
stressed Erythrina variegate L. seedlings. They found that when seedlings exposed to 
high salinity for 10 days there was significant reduction in growth rate and biomass 
production while the root: shoot ratio increased. In contrast to pigment and protein 
contents, starch and saccharides contents increased in salt stressed seedlings. To this 
when the seedlings were subsequently sprayed with TRIA (mg per kg) the salinity 
effect was partially ameliorated and growth, biomass, chlorophyll and carotenoid 
contents increased. 
Singh and Uttam (1996) studied on yield and yield parameters of wheat 
{Triticum aestivum L.) cv. KML-7406 and K-816 as influenced by levels of 
triacontanol based growth substance Miraculan (a formulator of triacontanol). They 
found the greatest yield, net monetary return and additional net return at 250 ppm 
Miraculan. Cultivar (cv.) KML-7406 had greatest yields than cv. K-816. 
Kapitsimadi (1995) studied the effect of triacontanol (5 \ig per L) on growth 
and yield of different horticultural crops. In tomatoes {Lycopersicon esculentum Mill, 
cv. Dombo) and capsicum {Capsicum annuum L. cv. Irini), TRIA treatment increased 
cumulative yield compared with controls by 24 and 50% respectively. Plant height 
and leaf number were also increased, but not significantly. In sugarbeet (Beta vulgaris 
L. cv. Maribo), cotton (Gossypium hirsutum L. cv. Zeta-2) and potatoes (Solarium 
tuberosum L. cv. Spunta) yields were increased by 22, 28 and 29%), respectively. In 
tobacco (Nicotiana tabacum L. cv. Virginia), treatment increased leaf number and leaf 
dry weight by 11 and 24%, respectively. 
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Nagoshi and Kawashima (1995) studied the foliar application of TRIA on 
growth and yield of rice (Oryza sativa L. cv. Koshihikari) and its relevance to the 
development of roots. They found that the root dry weight increased in TRIA treated 
plants two weeks after application, and the effects continued until maturity. Root 
weight: top weight (R/T) and root weight: leaf area (RW/LA) ratios were higher than 
in untreated plants. Root respiration and total root sugar content increased with TRIA 
application. The rate of increased of hulled rice weight was increased by TRIA 
application at heading and in 3 splits (tillering, panicle formation and heading). The 
weight of hulled rice was positively correlated with R/T and RW/LA at heading and 
maturity, respectively. It was concluded that TRIA application increased root growth 
and enlarged the stomatal aperture as a result of increased root water absorption 
capacity, which increased hulled rice weight by maintaining a high photosynthetic 
rate up to maturity. 
Setia et al. (1995) studied the effect of foliar application of TRIA (l(ig per 
mL) on lentil Lens culinaris cv. LL-147 yield and yield components. They found that 
TRIA application resulted in increase stem height, branches per plant, plant dry 
matter, 1000-seed weight, pods per plant and harvest-index with a subsequent 
increase in seed yield. TRIA treated plants exhibited increased leaf-chlorophyll and a 
decreased chlorophyll a/b ratio in addition to increased seed soluble sugar, starch and 
protein contents. 
Sharma (1995) studied the response of TRIA application (2.5, 5.0, 7.5 or 10.0 
ppm as Miraculan) on certain morphological characters, fruit and seed yield and 
quality of tomato seed {Lycopersicon esculentum Mill.) cv. Solan Gola. They found 
that the TRIA application increased the height of plants, the number of branches per 
plant, the number of fruits per plant, the yield of fruits and seeds, the 1000-seed 
weight and the percentage germination values of seeds, compared with untreated 
plants. They concluded that TRIA treatment (7.5 ppm), 4 weeks after transplanting, 
was the most effective in enhancing fruit and seed yields per ha and improving tomato 
seed quality. 
Deotale et al. (1994) studied the effect of yield and quality aspects of 
groundnut {Arachis hypogaea L.) cv. SB-11 as influenced by TRIA. They found that 
the pod yield increased with increasing TRIA rates (10-50 ppm) from 20 ppm, 
shelling%, 100-seed weight and oil content increased with increasing TRIA rates. 
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Shivashanker et al. (1994) studied the effect of TRIA on yield of South 
African maize. They found that mean grain yield of maize was greatest with 3 foliar 
application of TRIA. A single application of TRIA on DAS (days after sowing) also 
gave a significant yield increase (about 50-100% higher) compared with the control. 
Misra and Srivastava et al. (1991) studied the effect of the triacontanol 
formulation 'Miraculan' on photosynthesis, growth, nutrient uptake, and essential oil 
yield of lemongrass (Cymbopogon flexuosus). They reported that the yield 
components, viz. plant height, tillers per plant, biomass yield, accumulation of 
essential oil, net CO2 exchange and transpiration rates increased with Miraculan 
treatment of 0.4 [ig per mL, compared with the untreated control, but the number of 
leaves per tiller remained unaffected. Application of Miraculan at 0.4 |ig per mL 
increased micronutrient uptake, total chlorophyll and citral content but decreased 
chlorophyll a: b ratio and stomatal resistance. Increase in shoot biomass, 
photosynthesis and chlorophyll were significantly correlated with essential oil 
content. 
Prasad et al. (1991) studied the effect of triacontanol on rice growth and yield. 
Two foliar application of three liquid triacontanol formulation, or soil application of 
triacontanol as Mixtalol granules to rice given at 80 kg N per ha as fertilizer dose had 
no significant effect on paddy yields but triacontanol significantly increased the yield 
of rice given with 0-40 kg N per ha. 
Ray (1991) studied the effect of foUar spray of triacontanol (0.5 to 3.0 mg per 
L) on growth and yield of capsicum {Capsicum annuum L. cv. Arka, Basant and 
California Wonder). They found that TRIA enhanced growth and water uptake which 
was more pronounced at 0.5 mg per L. Plants treated with TRIA (0.5-1.0 mg per L) 
exhibited higher dry matter accumulation, leaf area, relative growth rates, crop growth 
rates, leaf area index and gave better yields than the untreated plants. 
Srivastava and Sharma (1991) studied the effect of TRIA on photosynthetic 
characteristics and essential oil accumulation of Japanese mint {Mentha arvensis L.). 
They found that O.lg per m^ TRIA to M. arvensis L. var. piperascens cv. 
CIMAP/MAS-77 increased essential oil yield as well as fresh and dry matter 
production, net photosynthesis rate, chlorophyll content and chl a:b ratio, uptake of 
micronutrients (Fe, Mn, Cu and Zn). The inhibitory effect of high doses of TRIA (4g 
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per m ) on the yield was largely due to its effect on biomass production, while no 
direct effect on biosynthesis of oil and oii quality was found. Oil accumulation was 
positively correlated with net photosynthetic rate, fresh and dry matter accumulation 
and plant leaf area and inversely related to leaf area ratio. 
Sud and Parmai- (1990) studied the effect of triacontanol on the fruit size and 
quality of apricot {Prunus armeniaca L.). Triacontanol at 1.5, 3.0, 4.5 and 6.0 ppm 
was applied to the cv. Newcastle at two stage of fruit growth (pea and pit hardening). 
They found that the treatment with triacontanol at 3.0 ppm at both stages resulted in 
the largest fruits with the highest sugar content. 
Srivastava and Sharma (1990) studied the effect of triacontanol (0.001, 0.01, 
O.I, 1.0, 2.0 or 4.0 mg per L at 3 dates at intervals of four week) on photosynthesis, 
alkaloid content and growth in opium poppy {Papaver somniferum L. cv. Shyama). 
They found that plant height, capsule number and weight, morphine content, CO2 
exchange rate, total chlorophyll and shoot fresh and dry weight were greatest at the 
0.01 mg per L application rate. 4 mg TRIA per L significantly reduced CO2 exchange 
rate, total chlorophyll content and plant height. Triacontanol has no effect on capsule 
thebaine or codeine content. Shoot Fe, Mn and Cu concentration were highest at 0.01 
mg TRIA per L and shoot Zn concentration was highest at 0.1 mg TRIA per L. 
Increase in shoot weight, leaf area ratio and chlorophyll content were accompanied by 
increase in capsule morphine content. 
Kawashima et al. (1989) studied the effect of foliar applied concentration of 
triacontanol (0.2-10 ppb) on growth yield of rice plants and its concentration. They 
found that the foliar application of 0.2-0.10 ppb triacontanol to rice during early 
growth increased the grain yield, lOppb at early tillering was most effective, giving a 
16% increase. Triacontanol slightly inhibited growth but stimulated root growth 
during ripening and increased the percentage of ripened grain and lOOO-grain weight. 
Dry weight and net accumulation rate during ripening were positively correlated and 
were increased by TRIA. 
Mahadevappa et al. (1989) studied the effect of triacontanol on rice seedling 
weight and grain yield of rice {Oryza sativa L. cv. Jaya, IR 20 and Mukthi). They 
found that the tillering capacity was not affected by triacontanol but higher grain yield 
and 100-grain weight was obtained with 0.01 ppm triacontanol. 
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Jain et al. (1988) studied the effect of Nutron (a formulation of triacontanol) 
on wheat {Triticum aestivum L.) production. Treating wheat seed with 0.01, 0.1 and 
1.0 ppm triacontanol or its foliar application at the same concentration increased 
panicle length and 1000 grain weight. Seed treatment with 1.0 ppm triacontanol gave 
the highest yield. 
Ruwali and Upadhyaya (1988) studied the effect of triacontanol application on 
wheat yield. Triacontanol at 0.01, 0.1 and 1.0 ppm was applied either as a seed 
treatment or as a foliar spray at 35 DAS. They found that the grain yield was 
increased by 10-23 % with the seed treatment of 0.01 ppm triacontanol and by 8-17 % 
with the foliar spray of 1.0 ppm triacontanol. The other triacontanol concentration 
applied by the two methods were less effective. 
Miniraj and Shanmugavelu (1987) studied the effect of triacontanol (1 or 2 
ppm) on growth, flowering, yield, quality and nutrient uptake in chillies {Capsicum 
annuum L.) cv. K2. They tabulated the data on the number of primary branches, 
number of leaves, days to first flowering, number of flowers, % fruit set, yields, fruit 
chemical composition, total dry matter production and N, P, K, Ca and Mg uptake. 
They found that triacontanol, especially at 2 ppm enhanced all growth and cropping 
characteristics, increased the yield, improved fruit quality and increased nutrient 
uptake. 
Ries et al. (1987) reviewed the effect of triacontanol on crop yield, plant 
growth and metabolism. They concluded that most effective results in the field may 
be obtained by applying a colloidal dispersion formulafion, at 0.1-10.0 ng per L in 10-
1000 L water per ha. They also concluded that for the optimum yield enhancement the 
spray should be applied between 13:00 and 17:00 h, on a day having a favourable 
temperature and soil moisture conditions for the growth of the crop being treated. 
Triacontanol applied to the shoots of rice seedlings elicited the formation of a 
messenger(s) which moved 5-25 cm from the shoot to root within 1.0 min. 
2.23 Conclusion 
The literature reviewed above clearly reveals that although considerable work 
has been done on the application of nitrogen, phosphorus and triacontanol to 
agricultural and horticultural crops, the information on the response of medicinal 
plants, particularly Ashwagandha and Datura to nitrogen, phosphorus and triacontanol 
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application is not available. It is therefore desirable to carry out a detailed scientific 
study on the effect of the application of nitrogen, phosphorus and triacontanol on 
these plants. 
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CHAPTER 3 
MATERIALS AND METHODS 
To meet the objective in Chapter 1, the response of Withania somnifera L. 
(Ashwagandha) and Datura innoxia Mill. (Datura) to nitrogen, phosphorus and 
triacontanol applications was studied by conducting four pot experiments on each 
crop. During the winter seasons of 2004-2008. All experiments were carried out in a 
net-house of the Department of Botany, Aligarh Muslim University, Aligarh. 
3.1 Agroclimatic conditions 
Aligarh is one of the seventy one districts of Uttar Pradesh (U.P), north India 
(Our India, 2008). It is situated at 27°52'N latitude, 78°51'E longitude and 187.45 m 
altitude. It has the characteristic climate of western U.P., i.e. semi-arid and 
sub-tropical with three principal seasons from hot dry summers, monsoon to cold 
winters. During summer, the average temperature is 30.5°C whereas, the extreme 
maximum record is 45.5°C. The winter extends from the middle of October to the end 
of March. The mean temperature for December and January, the coldest months, is 
about 15°C and 13°C respectively. The extreme minimum record for single day is 2°C 
and 0.5°C respectively. The average annual rainfall in the district is 847.30 mm. More 
than 85% of the rainfall occurs during June to September and some 10% in the winter 
which is useful for winter crops. Additional occasional rainfall during the summer is 
rare, sporadic, short lived and highly variable in amounts. On an average, 4% of the 
total rainfall occurs during this season. 
The relative humidity of the winter season ranges between 56% and 77% with 
an average of 66.5%, that of the summer, between 37% to 49%) with an average of 
43%) and that of the monsoon season, between 63% and 73%) with an average of 68%o. 
The composition and appearance of the soil in Aligarh district are the same as that 
found generally in the plains of western U.P. Different types of soil such as sandy, 
loamy, sandy loam and clayey loam are found in the district. 
3.2 Filling of pots 
For each experiment, sandy loam soil was used. It was collected from different 
chosen spots of the Agricultural Farm of the Aligarh Muslim University, Aligarh, 
India at the depth of about 10-15 cm. After removing weeds and undesirable particles. 
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the soil was mixed uniformly with the farmyard manure in the ratio of 5:1. Each pot 
(25 cm diameter x 25 cm height) was filled with 5 kg of this homogenous mixture. 
3.3 Soil analysis 
Before sowing, soil samples were collected randomly from different pots for 
the analysis of the soil characteristics. The samples were analyzed in the Soil Testing 
Laboratory, Government Agriculture Farm, Quarsi, Aligarh. The physico-chemical 
properties of the soil for each experiment are given in Table 1. 
3.4 Seeds 
The seeds of Datura were obtained from the Department of Botany, Aligarh 
Muslim University, Aligarh. Healthy seeds of uniform size were selected and their 
viability was tested. Additionally, they were surface sterilized with 95% ethyl alcohol 
for five minutes and washed thoroughly with distilled water before sowing. 
The seeds of Ashwagandha were obtained from the Central Council of 
Research in Unani Medicine (CCRUM), Aligarh. Healthy and uniform size seeds 
were selected and soaked in 1% sodium nitrate solution for 12 hours to ensure early 
germination and improved germination percentage and vigour (Kattimani et al., 
2000). 
3.5 Experiment 1 
The first experiment was conducted on Ashwagandha according to a simple 
randomized design during the winter season of 2004-2005. In this experiment the 
effect of four graded levels of N was studied on the performance of Ashwagandha so 
th 
as to select the optimum basal dose. Ten seeds per pot were sown on 16 October, 
2004. After 30 days after sowing (DAS), one healthy plant per pot was maintained by 
thinning. N was applied at 0, 15, 22.5 and 30 mg N per kg soil at 45 DAS. These 
doses were equivalent to 0, 30, 45 and 60 kg N per ha (Gao et al, 2003) and may be 
designated as No, N30, N45 and Neo, respectively. N was applied as urea. A uniform 
recommended basal dose of P at 26 kg P per ha (Muthumanickam and 
Balakrishnamurthy, 1999) was also applied together with urea. P was applied in the 
form of sodium dihydrogen orthophosphate (Table 2). However, the soil was not 
provided with potassium as a sufficient quantity of it was already present in the soil 
(Tablel). Each treatment was replicated four times. The plants were watered as and 
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Table 2 Summary of treatments for Experiment 1 on Withania somnifera L. (Simple 
randomized block design) 
S.No. Basal treatments Nitrogen 
(mg N per kg soil) 
1. No 0 
2. N30 15.0 
3. N45 22.5 
4. Neo 30.0 
N.B.: A uniform basal dose of P (26 kg P per ha) was applied at 45 DAS. 
Table 3 Summary of treatments for Experiment 2 on Datura innoxia Mill. (Simple 
randomized block design) 
S.No. Basal treatments Nitrogen 
(mg N per kg soil) 
1. No 0 
2. N30 15 
3. N60 30 
4. N90 45 
N.B.: A uniform basal dose of P (40 kg P per ha) was applied at 45 DAS. 
when required. Weeding was undertaken thrice. The crop was harvested on I?"' May, 
2005. 
3.6 Experiment 2 
The second experiment was carried out simultaneously with Experiment 1, 
according to a simple randomized design. The aim of this experiment was to establish 
the optimum basal dose of N for the performance of Datura. The seeds were sown on 
18"^  October, 2004 at the rate of 10 seeds per pot. One healthy plant per pot was 
maintained by thinning at 30 DAS. Five basal levels of N, viz. 0, 15, 30 and 45 mg N 
per kg soil (No, N30, Neo, and N90, respectively) were applied in the form of urea at 45 
DAS. A recommended uniform basal dose of 40 kg P per ha (Afaq, 1978) in the form 
of sodium dihydrogen orthophosphate was also given with N (Table 3). Each 
treatment was replicated four times. Weeding was undertaken thrice and plants were 
watered as and when required. The crop was harvested on 18 May, 2005. 
3.7 Experiment 3 
The third experiment was conducted on Ashwagandha according to a simple 
randomized design during the winter season of 2005-2006. The aim of this 
experiment was to determine the optimum basal dose of P on the basis of performance 
of the above said plant. The seeds were sown on 1^ ' October 2005. Basal P was 
applied at 0, 6.5, 13 and 20 mg P per kg soil viz. 0, 13, 26 and 40 kg P per ha (Po, P13, 
P26, and P40, respectively) in the form of sodium dihydrogen orthophosphate at 45 
DAS. A uniform optimum basal dose of 45 kg N per ha determined in Experiment 1 
as urea was also applied along with sodium dihydrogen orthophosphate (Table 4). 
Each treatment was replicated four times. All the other cultural practices were the 
same as in Experiment 1. The crop was harvested on 2"'' May, 2006. 
3.8 Experiment 4 
The fourth experiment was carried out according to a simple randomized 
design simultaneously with Experiment 3. The objective of this experiment was to 
establish the optimum basal dose of P for Datura on the basis of its performance. The 
seeds were sown on 3'^ '' October 2005. Five graded levels of basal P, viz. 0, 10, 15, 20 
and 25 mg P per kg soil (Po, P20, P30, P40 and P50, respectively) were applied at 45 DAS. 
A uniform optimum basal dose of 60 kg N per ha (urea) established in Experiment 2 
was also applied together with sodium dihydrogen orthophosphate. Each treatment 
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Table 4 Summary of treatment for Experiment 3 on Withania somnifera L. (Simple 
randomized block design) 
S.No. Basal treatments Phosphorus 
(mg P per kg soil) 
1. Po . 0 
2. Pi3 6.5 
3. P26 13.0 
4. P40 20.0 
N.B.: A uniform basal dose of N (45 kg N per ha) was applied at 45 DAS. 
Table 5 Summary of treatment for Experiment 4 on Datura innoxia Mill. (Simple 
randomized block design). 
S.No. Basal treatments 
Po 
P20 
P30 
P40 
P50 
Phosphorus 
(mg P per kg soil) 
0 
10 
15 
20 
25 
2. 
3. 
4. 
5. 
N.B.: A uniform basal dose of N (60 kg N per ha) was applied at 45DAS. 
was replicated four times. Otlier cultural activities were the same as employed in 
Experiment 2. The crop was harvested on 4* May, 2006. 
3.9 Experiment 5 
The fifth experiment was conducted on Ashwagandha according to a simple 
randomized design during the winter season of 2006-07. The aim of the experiment 
was to find out the most suitable concentration of triacontanol (TRIA) for the 
optimum performance of Ashwagandha. The seeds were sown on the 1^* of October, 
2006. Six foliar sprays each of 0, 10"^ , 10"^  ^ lO'Snd lO'^^M TRIA were applied on 
the foliage of the crop with the help of a sprayer pump at the intervals of 15 days with 
the first spray applied at 45 DAS. TRIA treatments were designated as To, Ti, T2, T3 
and T4_ respectively. The control was sprayed with deionisized water. Plants were 
given with a uniform optimum basal dose of N and P (N45+ P26) determined in 
Experiment I and 3 (Table 6). Each treatment was replicated four times. Other 
cultural practices including, sources and application time of nutrients were the same 
as in the earlier experiments on the crop (Experiments 1 and 3). The crop was 
harvested on 2"'* May, 2007. 
3.10 Experiment 6 
The sixth experiment was conducted on Datura according to a simple 
randomized design simultaneously with Experiment 5. The aim of this experiment 
was to establish the optimum concentration of foliar spray of TRIA on the basis of 
performance of the crop. Six sprays each of the same levels of TRIA as in Experiment 
5 were applied to the crop at intervals of 15 days, with the first spray being given at 
45 DAS. The seeds were sown on 3'''^ October 2006. A uniformly optimum basal dose 
of N and P (N60+ P40) established in Experiments 2 and 4 were applied at 45 DAS 
(Table 7). Each treatment was replicated four times. Other cultural practices, 
including sources of nutrients were the same as employed in the earlier experiments 
th 
(Experiments 2 and 4). The crop was harvested on 4 May, 2007. 
3.11 Experiment 7 
The seventh experiment was conducted on Ashwagandha according to a 
simple randomized design during 2007-2008. It was based on the findings of 
Experiments 1, 3 and 5. The aim of this experiment was to find out the best 
combination of N and P in the presence of the optimum concentration of TRIA spray 
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Table 6 Summary of treatments for Experiment 5 on Withania somnifera L. (Simple 
randomized block design). 
S.No, Foliar applications Triacontanol 
concentration (M) 
1. To 0 
2. T, 10-^ 
3. T2 10"^ ^ 
4. T3 10-^ 
5. T4 10 •5.5 
N.B.: A uniform basal dose of N (45 kg N per ha) and P (26 kg per ha) was applied at 45 
DAS. 
Table 7 Summary of treatments for Experiment 6 on Datura innoxia Mill. (Simple 
randomized block design) 
S.No. Foliar applications Triacontanol 
concentration (M) 
1. To 0 
2. Ti 10"^  
3. T2 10-^^ 
4. T3 10-* 
5. T4 10-^ ^ 
N.B.: A uniform basal dose of N (60 kg N per ha) and P (40 mg per kg soil) was applied 
at 45 DAS 
determined in Experiment 5. Four basal combinations of N and P, viz. 0 kg N + 0 kg 
P per ha (NQPO), N30P13, N45P26 and N60P40 were applied. The plants were subjected to 
six fortnightly sprays of lO'^ ^M TRIA (T2) determined as optimum in Experiment 5. 
The treatments were designated as (i) NQPO + T2, (ii) N30P13 + T2, (iii) N45P26 + T2 and 
N60P40 + T2 (Table 8). The seeds were sown on 5^ '' October, 2007. Each treatment was 
replicated four times. Other cultural practices, including sources and application time 
of nutrients and TRIA were the same as in the earlier experiments on the crop 
(Experiments 1, 3 and 5). The crop was harvested on 6"^  May, 2008. 
3,12 Experiment 8 
Experiment 8 was conducted on Datura according to a simple randomized 
design simultaneously with Experiment 7. The aim of this experiment was to find out 
the best combination of N and P in the presence of the optimum concentration of 
TRIA spray determined in Experiment 6. Four basal combinations of N and P, viz. 0 
kg N + 0 kg P per ha (NQPO), N30P30, N60P40 and N90P50, were applied. The plants were 
subjected to six sprays of 10'^ ^M TRIA (T2) determined as optimum in Experiment 6. 
The treatments were designated as (i) NQPO + T2, (ii) N30P30 + T2, (iii) N60P40 + T2 and 
N90P50 + T2 (Table 9). The seeds were sown on 6 October. Each treatment was 
replicated four times. Other cultural practices including, sources and application time 
of nutrients and TRIA were the same as in the earlier experiments on the crop 
(Experiments 2, 4 and 6). The crop was harvested on 7* May, 2008. 
3.13 Sampling techniques 
To assess the growth, biochemical and quality parameters each of 
Ashwagandha and Datura at 60 DAS (vegetative stage), 120 DAS (flowering stage) 
and 180 DAS (fruiting stage) one plant was collected randomly from each replicate. 
Yield characteristics were studied at 210 DAS (harvest). The following parameters 
were studied: 
3.13.1 Growth parameters 
1. Shoot length per plant 
2. Root length per plant 
3. Leaf area index per plant 
4. Shoot fresh weight per plant 
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Table 8 Summary of treatments for Experiment 7 on Withania somnifera L. (Simple 
randomized block design). 
S.No. 
1. 
2. 
3. 
4. 
Treatments 
N0P0+T2 
N30P13 + T2 
N45P26+T2 
N60P40+T2 
Nitrogen 
(mg per kg soil) 
0 
15 
22.5 
30 
Phosphorus 
(mg per kg soil) 
0 
6.5 
13.0 
20.0 
N.B.: A uniform optimum dose of triacontanol was applied six times at regular imervals 
of 15days, with the first being at 45 DAS. 
Table 9 Summary of treatments for Experiment 8 on Datura innoxia Mill. (Simple 
randomized block design) 
S.No. 
. 
1. 
2. 
3. 
4. 
Treatments 
N0P0 + T2 
N30P30+T2 
N60P40+T2 
N90P50+T2 
Nitrogen 
(mg per kg soil) 
0 
15 
30 
45 
Phosphorus 
(mg per kg soil) 
0 
15 
20 
25 
N.B.: A uniform optimum dose of triacontanol was applied six times at regular intervals 
of 15days, with the first being at 45 DAS. 
5. Root fresh weight per plant 
6. Shoot dry weight per plant 
7. Root dry weight per plant 
3.13.2 Biochemical parameters 
1. Total chlorophyll content per plant 
2. Carotenoid content per plant 
3. Nitrate reductase activity (NRA) 
4. Carbonic anhydrase activity (CA) 
5. Leaf N, P and K contents 
3.13.3 Yield and quality characteristics 
1-. Berries per plant (Ashwagandha) and capsules per plant (Datura) 
2. Seeds per berry (Ashwagandha) and seeds per capsule (Datura) 
3. 100-seed weight 
4. Seed-yield per plant 
5. Root-yield per plant 
6. Total alkaloids content in roots (Ashwagandha) and leaves (Datura). 
3.14 Determination of various parameters 
The following parameters were determined: 
3.14.1 Leaf area per plant 
The area of three leaves (upper, middle and lower) of each plant sample of 
Ashwagandha and Datura was determined with the help of a graph paper. 
3.14.2 Shoot and root dry weight per plant 
The plants were dried in hot air oven at 80°C for 48 hours to record the dry 
weight. 
3.14.3 Total chlorophyll and carotenoid contents 
The total chlorophyll carotenoid content was estimated by the method of Mac 
Kinney (1941) and the carotenoid content by MaClachlan and Zalik (1963). 100 mg 
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of fresh leaves from interveinal area was ground in 10 mL of 80 % acetone (Appendix 
1.1), with the help of a mortar and pestle. The suspension was decanted and filtered 
through a Whatmann filter paper No.l into a Buchner funnel. The optical density 
(OD) of the solution was read at 645 and 663 nm for chlorophyll estimation and at 
480 and 510 nm for carotenoid estimation using a spectrophotometer (Spectronic 
20D, Milton and Roy, USA). The total chlorophyll and carotenoid contents was 
calculated using the following formula. 
V 
Total chlorophyll content = 20.2 (O.D. 645) + 8.02 (O.D.663) x me e"^  FW 
V 
Carotenoid content = 7.6 (O.D. 480) - 1.49 (O.D. 510) x mo e"' FW 
^ dxWxlOOO '^^ ^"^ 
Where, O.D = Optical density of the extract at the given wavelengths (645, 663, 480 
and 510 nm) 
V = Final volume of chlorophyll extract in 80 % acetone 
W = Fresh weight of leaf tissue (g) 
d = Length of light path (1 cm) 
3.14.4 Nitrate reductase activity 
The enzyme activity was estimated by the intact tissue method of Jaworski 
(1971) based on the reduction of nitrate to nitrite as per the following biochemical 
reaction: 
N03- + NADH + H^ ^^ ^ N02- + NAD^ +H2O 
The nitrite formed in the reaction was determined spectrophotometrically. The 
leaves were cut into small pieces (1 cm^). 200 mg of these chopped leaves were 
weighed and transferred into plastic vials. To each vial, 2.5 mL of phosphate buffer 
(pH 7.5, Appendix 2.1) and 0.5 mL of 0.2 M potassium nitrate solution (Appendix 
2.2) were added followed by the addition of 2.5 mL of 5% isopropanol (Appendix 
2.3). Finally, two drops of chloramphenicol solution were added to avoid bacterial 
growth in the medium. These vials were incubated in a BOD incubator for 2h at 
30±2T in dark. 
3.14.4.1 Development of colour 
0.4 mL of incubated mixture was taken into a test tube into which 0.3 mL each 
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of 1% sulphanilamide solution (Appendix 2.4) and 0.02% NED-HCL (Appendix 2.5) 
were added. The test tube was left for 20 minutes at room temperature, for maximiom 
colour development. The mixture was diluted to 5 mL with DDW (double distilled 
water). The OD was read at 540 nm on the spectrophotometer. A blank was run 
simultaneously with each sample. 
3.14.4.2 Standard curve for NRA 
30 mg sodium nitrite (NaNOa) was dissolved in 100 mL DDW. Of this 
solution, 0.8 mL was taken into a 100 mL volumetric flask. The volume was made up 
to 100 mL using DDW. From this diluted solution, ten aliquots, measuring 0.2, 0.4, 
0.6, 0.8, 1.0, 1.2, 1.4, 1.6, 1.8 and 2.0 mL were taken into separate test tubes. In to 
each test tube, 0.3 mL each of 1% sulphanilamide and 0.02% NED-HCl was added. 
The solution was diluted to 5 mL with DDW and OD was read at 540 nm on the 
spectrophotometer, using a blank. A standard curve was plotted using the selected 
concentrations of pure NaNOa versus OD of the solution. 
The OD of the sample was compared with a calibrated curve and NRA was 
expressed as nM N02'kg"' FW s"'. 
3.14.5 Carbonic anhydrase activity 
The enzyme carbonic anhydrase catalyses the reversible hydration of carbon 
dioxide (CO2) to give the bicarbonate ion. 
H2O + CO2 y » H^ + HCO-3 
The activity of the enzyme was determined by the method of Dwivedi and 
Randhawa(1974). 
The leaves were cut into small pieces (1 cm )^ at temperature below 25°C. 
After mixing them, 200 mg leaf pieces were weighed and cut further into smaller 
pieces (2-3 mm length) keeping them in 10 mL 0.2 M aqueous cystein solution 
(Appendix 3.1) in a petri dish at 0 to 4°C for 20 minutes. The solution adhering at the 
cut surfaces of the leaf pieces was then removed with the help of a blotting paper 
followed by their transfer immediately in to a test tube containing 4 mL phosphate 
buffer of pH 6.S (Appendix 3.2). Into this, 4 mL 0.2 M sodium bicarbonate (NaHCOa) 
in 0.02 M sodium hydroxide (NaOH) solution (Appendix 3.3) and 0.2 mL 0.002% 
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bromothymol blue indicator (Appendix 3.4) were added. After shaking, the tube was 
kept at 0 to 4°C for 20 minutes. 
Carbon dioxide liberated during catalytic action of enzyme on NaHCOs was 
estimated by titrating the reaction mixture against 0.05N hydrochloric acid 
(Appendix 3.5), using methyl red (Appendix 3.6) as an internal indicator. A control 
reaction mixture (without leaf pieces) was also titrated against 0.05 N hydrochloric 
acid. The difference of sample reading and control reading was noted for further 
calculation of enzyme activ'ity. 
The activity of the enzyme was determined by the following formula: 
Vx22xN 
— - — ^ M COimg "'20 min"' 
w 
V^difference in volume (mL) of hydrochloric acid used in the control and sample 
22=equivalent weight of CO2 
N= normality of HCl (36.5) 
W= weight (mg) of leaves used. 
Finally, the activity of the enzyme was expressed in terms of mM CO2 kg'' 
(leaf fresh matter) s"'. 
3.14.6 LeafN,P and K content 
The leaf samples were dried in hot-air oven at 80°C for forty-eight hours. 
Dried leaves were finely powdered and the powder thus obtained was sieved. The 
powder was labelled and stored in small polythene bags for the analysis. 
3.14.6.1 Digestion of leaf powder 
100 mg oven-dried leaf powder was transferred into a 50 mL Kjeldahl flask to 
which 2 mL of AR Grade concentrated sulphuric acid was added. The flask was 
heated on a temperature controlled assembly for about two hours to allow complete 
reduction of nitrate present in the plant material by organic matter itself. As a result, 
the content of the flask turned black. After cooling the flask for about 15 minutes at 
room temperature, 0.5 mL 30% hydrogen peroxide (H2O2) was added drop by drop 
and the solution was heated again till the colour of the solution changed from black to 
light yellow. Again, after cooling for about 30 minutes, 3- 4 drops of 30% H2O2 were 
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added, followed by heating for another 5 minutes. The addition of 30% H2O2 
followed by heating was repeated until the content of the flask became colourless. The 
peroxide digested material was transferred from the Kjeldahl flask to a lOOmL 
volumetric flask with three washings each with 5mL DDW. The volume of the 
volumetric flask was then made up to the mark with DDW. This aliquot was used to 
estimate NPK contents. The details of methods used for the analysis of these elements 
are given below separately. 
3.14.6.1.1 Nitrogen 
N content was estimated according to the method of Lindner (1944). A 10 mL 
aliquot of the digested material was taken into a 50mL volumetric flask. To this, 2 mL 
of 2.5 N sodium hydroxide (Appendix 4.1) and 1 mL 10% sodium silicate solutions 
(Appendix 4.2) were added to neutralize the excess of acid and to prevent turbidity 
respectively. The volume was made up to the mark with DDW. Into a 10 mL 
graduated test tube, 5 mL aliquot of this solution was taken and 0.5 mL Nessler's 
reagent (Appendix 4.3) was added. The contents of the test tube were allowed to stand 
for 5 minutes for maximum colour development. The solution was transferred into a 
spectrophotometric tube and the OD of the solution was read on the 
spectrophotometer at 525 nm. A blank was also run simultaneously. The reading of 
each sample was compared with the standard calibration curve and nitrogen was 
expressed in the terms of percentage on dry weight basis. 
3.14.6.1.1.1 Standard curve 
50 mg pure ammonium sulphate was dissolved in a sufficient volume of DDW 
and the final volume was made up to 1 litre with DDW. From this solution, 0.1, 0.2, 
0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 and 1.0 mL solution were pipette into ten test tubes 
separately. The solution in each test tube was diluted to 5 mL with DDW. In each test 
tube, 0.5 mL Nessler's regent was added. After 5 minutes, the OD was read at 525 
nm, using the spectrophotometer. A blank was also run side by side. Standard curve 
was plotted using known graded concentrations of ammonium sulphate solution 
versus OD. 
3.14.6.1.1.2 Phosphorus 
The method of Fiske and Subba Row (1925) was used to estimate the total 
phosphorus in digested material. A 5mL aliquot was taken into a 10 mL graduated test 
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tube and 1 mL molybdic acid 2.5 % ( Appendix 4.4.1) was added carefully, followed 
by addition of 0.4 mL 1-amino-2-naphthoI-4 sulphonic acid (Appendix 4.5). When the 
colour turned blue, the volume was made up to 10 mL with DDW. The solution was 
shaken for 5 minutes and was then transferred into a spectrophotometric tube. The OD 
of the solution was read on the spectrophotometer at 620nm. A blank was also run 
side by side. 
3.14.6.1.1.2.1 Standard curve 
351 mg pure potassium dihydrogen orthophosphate was dissolved in 
sufficient DDW into which 10 mL of 10 N sulphuric acid was added and the final 
volume was made up to llitre with DDW. From this solution, 0.1, 0.2, 0.3, 0.4, 0.5, 
0.6, 0.7, 0.8, 0.9 and 1.0 mL aliquots were taken into ten test tubes separately. The 
solution in each test tube was diluted to lOmL with DDW. Into each test tube, ImL 
molybdic acid and 0.4 mL 1-amino- 2-naphthol-4-sulphonic acid were added. After 5 
minutes, the OD of the solution was read at 620 nm. A blank was also run 
simultaneously. The standard curve was plotted using different dilutions of potassium 
dihydrogen orthophosphate versus OD. The percent phosphorus content was 
determined on dry weight basis. 
3.14.6.1.1.3 Potassium 
Potassium content was analyzed flame-photometrically (Hald, 1946). In the 
flame- photometer, the solution (peroxide digested material) is discharged through an 
atomizer in the form of a fine mist into a chamber, where it is drawn in to a flame. 
Combustion of the elements produces light of a particular wavelength (X max for K = 
767 nm i.e. violet. The light produced was conducted through the appropriate filters to 
impinge upon a photoelectric cell that activates a galvanometer. The air was supplied 
through an air pump and liquid petroleum gas was used for combustion. The chimney 
of the equipment was removed and the gas was ignited using an electric lighter. The 
final pressure of the two gases was adjusted to 15 pounds per inch. When the flame 
formed sharp blue cones, the correct filter was set and DDW was introduced (using a 
beaker) and galvanometer was set to zero. Then the standard solution of the element 
was sucked through a capillary tube and the galvanometer was adjusted to the 100 
position by using the amplifier. Unless the 0 and 100 points are maintained on 
successive readings, the gas pressure, air-pressure or both were adjusted to bring 
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about a stable position. Therefore, intermediate standards (diluted solutions of known 
concentrations between 0 and 100 percent) were checked and a graph was prepared. 
The relationship between the galvanometer readings and the concentrations do not 
appear in a straight line, rather in a curvilinear fashion. Lastly, the samples were run 
and exact concentration of the element was calculated using the graph. 
3.14.6.1.1.3.1 Standard curve 
1.91 g of potassium chloride was dissolved in 100 ml of DDW. Of this 
solution, 1 mL was diluted to 1 litre. The resulting K solution was of 10 ppm. From 
this stock solution, 10 mL of each of 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10 ppm potassium 
solution was prepared in ten vials separately, using a flame-photometer. A blank was 
also run with each set of determination. A standard curve was prepared, using 
different dilutions of potassium chloride solution versus the readings on the scale of 
the galvanometer. The per cent K content was estimated on dry weight basis. 
3.14.7 Total alkaloids content 
Total alkaloids content in the root of Ashwagandha and in the leaves of Datura 
was estimated by the method given by Afaq et al. (1994). 
500 mg of powder of the sample was taken into a 100 mL round bottom reflux 
flask into which 50 mL ethyl alcohol was added and the mixture was refluxed for 6 
hours. After filtering the mixture, 50 mL dilute HCl was added. The alkaloid being 
basic reacts with the acid to give salt which is soluble in water. The mixture was 
therefore transferred into a separating funnel into which 50 mL diethyl ether was 
added. This mixture was shaken for 15-20 minutes. The lower water layer was 
decanted into a beaker and was made slightly basic by adding ammonia solution and 
by checking it with a litmus paper which turns blue when basic. The upper diethyl 
ether layer was discarded. The mixture was again transferred into a separating funnel 
with 50 mL diethyl ether and was shaken for 15-20 minutes. Now the lower layer was 
discarded and upper diethyl ether layer was decanted. Anhydrous sodium carbonate 
was added to the decanted mixture so that if water molecules remain were absorbed. 
The mixture was again decanted into a dry pre-weighted porcelain dish and was then 
weighed again. The percentage of alkaloids content was calculated as below. 
WE-WA 
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WE = weight of empty porcelain dish 
WA = weight of alkaloid and porcelain dish (taken after evaporating the diethyl ether) 
WR = weight of the powder 
3.15 Statistical analyses 
The experimental data were statistically analyzed using the analyses of 
variance techniques according to Gomez and Gomez (1984). In applying the 'F' test, 
error due to replicates was determined. When 'F' value was found to be significant at 
the 5 % level of probability, the critical difference (CD) was calculated. The model of 
analyses of variance (ANOVA) for each experiment was given in Table 10 and 11. 
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Table 10, Model of 'analysis of variance' (ANOVA) for Experiments 1, 2, 3, 7 and 8 
(Simple randomized design) 
Source DF SS MSS F value 
of variation 
Replications 3 
Treatments 3 
Error 9 
Total 15" 
Table 11. Model of 'analysis of variance' (ANOVA) for Experiments 4, 5 and 6 
(Simple randomized design) 
Source DF SS MSS F value 
of variation 
Replications 3 
Treatments 4 
Error 12 
Total 19" 
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CHAPTER 4 
EXPERIMENTAL RESULTS 
As described in the preceding chapter, four pot experiments were performed 
on each of the crop i.e. Ashwagandha and Datura. The experimental results of these 
experiments (Table 12-63) are described briefly in this chapter. 
4.1 Experiment 1 
Experiment 1 was conducted on Ashwagandha according to a simple 
randomized design, to study the effect of four levels of basal applied N, viz, 0, 15, 
22.5 and 30 mg N per kg soil (No, N30, N45 and Neo, respectively) in terms of growth, 
biochemical, yield and quality parameters of the above mentioned plant. Growth, 
biochemical and quality parameters were determined at 60, 120 and 180 DAS, 
respectively. Yield characteristics were studied at harvest (210 DAS). The effect of 
N application on all the parameters was found significant at all the stages, parameters 
like total carotenoid content and P content at all stages (60, 120 and 180 DAS) and 
seeds per berry as well as 100-seed weight at 210 DAS did not significantly respond 
to the application of N. N45 proved to be optimum for most of the parameters studied. 
The important results are elaborated below (Table 12-18). 
4.1.1 Growth parameters 
The application of N has pronounced effect on growth parameters namely 
shoot length, root length, leaf area, shoot fresh weight, root fresh weight, shoot dry 
weight and root dry weight per plant which were recorded at 60, 120 and 180 DAS 
and was therefore, found to be significantly affected the above parameters. The 
remarkable features of the data (Table 12-13) are given below. 
4.1.1.1 Shoot length per plant 
The effect of N application was found significant on the shoot length per plant. 
Treatment N45 gave maximum shoot length per plant as compared with that of control 
by 26.8%, 27.3% and 26.1% at 60, 120 and 180 DAS, respectively. The effect of N45 
was followed by N30 at 60, 120 and 180 DAS. Minimum value was obtained for 
control. 
4.1.1.2 Root length per plant 
Root length per plant was found to be significantly affected by N application 
at all stages. The maximum root length was recorded in N30 treatment by 17.1%, 
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18.3% and 10.1% at 60, 120 and 180 DAS, over their respective controls. The effect 
of N30 was followed by N45 at all the stages. Control showed the lowest value 
(Table 12). 
4.1.1.3 Leaf area per plant 
A maximum leaf area was registered for N45 treatment which thus exceeded 
the value of control by 52.0%, 35.5% and 49.0% at 60, 120 and 180 DAS, 
respectively. The effect of N45 was followed by Njoat all the stages. Leaf area of the 
control plants were lowest (Table 12). 
4.1.1.4 Shoot fresh weight per plant 
The effect of N application was found maximum in N45 treatment by 30.2%, 
30.7% and 28.2% at 60, 120 and 180 DAS, respectively as compared with that of 
control. N45 treatment v/as followed by N30 at all stages. Control value was the 
lowest among all levels of N (Table 13). 
4.1.1.5 Root fresh weight per plant 
N30 treatment showed maximum response to the application of N by 19.4%, 
20.2% and 17.7% at 60, 120 and 180 DAS, respectively as compared with that of the 
control. The effect of this treatment was followed by N45 treatment at 60, 120 and 180 
DAS. The control plants showed the lowest root fresh weight when compared to all 
other levels of N (Table 13). 
4.1.1.6 Shoot dry weight per plant 
Shoot dry weight was found to be significantly affected by the N application 
and treatment N45 registered the maximum shoot dry weight per plant by 27.4%, 
27.7% and 21.0% at 60, 120 and 180 DAS, over their respective controls. The 
treatment N45 was followed by N30 at 60, 120 and 180 DAS. Control showed the 
lowest value (Table 13). 
4.1.1.7 Root dry weight per plant 
N application also affected the root dry weight per plant and was thus found 
significant at all stages. The effect of this application was most pronounced in N30 
treatment by 15.4%, 18.1% and 15.6% at 60, 120 and 180 DAS, respectively as 
compared with that of control. N30 was followed by N45 at all stages. The value of 
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control was the lowest among all levels of N (Table 13). 
4.1.2 Biochemical parameters 
The effect of basal application of N on all biochemical parameters was found 
significant at 60, 120 and 180 DAS. However, total carotenoid content and P content 
was not affected by N application at all the stages. The details of the data 
(Table 14-16) are given below. 
4.1.2.1 Total chlorophyll content 
N application has its most pronounced effect for N45 treatment as the 
maximum total chlorophyll content was found for the above mentioned treatment by 
4.2%, 5.1% and 2.3% at 60, 120 and 180 DAS, over their respective controls. 
Followed by this was the treatment N30 at all stages. The control showed the lowest 
value (Table 14). 
4.1.2.2 Total carotenoid content 
The effect of N application was not found significant on total carotenoid 
content at 60, 120 DAS as well as 180 DAS (Table 14). 
4.1.2.3 Leaf-N content 
N application has its pronounced effect on the leaf-N content of Withania 
somnifera L. and a maximum value was registered for the treatment N45 by 21.9%, 
20.3% and 19.1% at 60, 120 and 180 DAS, respectively as compared with that of 
control. N-content was found minimum in control treatment (Table 15). 
4.1.2.4 Leaf-P content 
The effect of N application on the leaf-P content was found to be 
non-significant at 60, 120 and 180 DAS, respectively (Table 15). 
4.1.2.5 Leaf-K content 
The maximum leaf-K was registered in N45 treatment by 17.7%, 18.8% and 
12.7% at 60,120 and 180 DAS, over their respective controls. The lowest value was 
obtained for the control at all stages (Table 15). 
4.1.2.6 Nitrate reductase activity 
The effect of N application on nitrate reductase activity was registered 
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maximum in N45 treatment by 26.8%, 28.7% and 25.8% at 60, 120 and 180 DAS, 
respectively as compared with that of control. N45 treatment was followed by N30 
treatment at all the stages. Control showed the lowest value (Table 16). 
4.1.2.7 Carbonic anhydrase activity 
The maximixm carbonic anhydrase was registered for the N45 treatment by 
13.4%, 10.7% and 8.7% at 60, 120 and 180 DAS as compared with that of control. 
N45 treatment was followed by N30 at 60, 120 and 180 DAS. The lowest value was 
obtained for the control (Table 16). 
4.1.3 Yield and quality characteristics 
All the yield characteristics were studied at harvest (210 DAS) and quality 
characteristic at 60, 120 and 180 DAS. All the yield characteristics were found to be 
significant except, seeds per berry and 100-seed weight. The quaUty characteristic 
(total alkaloid content) was found significant at all stages. The details of the above 
said characteristics are described briefly below (Table 17-18). 
4.1.3.1 Berries per plant 
Application of N significantly increased the berries per plant over the control. 
Treatment N45 produced the maximum berries per plant by 20.9%) as compared to that 
of the control. The effect of N45 was followed by N30 at all stages. Berries per plant 
were lowest in control treatment (Table 17). 
4.1.3.2 Seeds per berry 
Seeds per berry did not significantly respond to the application of N and was 
thus non-significant (Table 17). 
4.1.3.3 100-seed weight per plant 
The effect of N application was non-significant on the weight of 100-seeds 
weight per plant (Table 17). 
4.1.3.4 Seed yield per plant 
All N levels affected seed yield significantly and therefore, subsequently an 
increment in seed yield was found up to 23.5% in N45 treatment as compared with that 
of control. This increment in seed yield was followed by N30 at all stages. Control 
showed the lowest seed yield per plant (Table 18). 
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4.1.3.5 Root yield per plant 
All N levels affected the root yield significantly and highest root yield was 
obtained for N30 treatment being 14.0% more than the control and was statistically at 
par with N45. Control showed the lowest root yield (Table 18). 
4.1.3.6 Total alkaloid content in root 
Application of N showed significant effect on the total alkaloid content of 
Ashwagandha and was found to exceed over their respective controls by 16.3%, 
17.3% and 13.7%) in N45 treatment at 60, 120 and 180 DAS. The effect of N45 was 
followed with that of N30 at all stages. Control treatment gave the lowest total alkaloid 
content (Table 18). 
4.2 Experiment 2 
Experiment 2 was conducted on Datura according to a simple randomized 
design, to study the effect of four levels of basal applied N, viz. 0, 15, 30 and 45 mg N 
per kg soil (No, N30, Neo and N90, respectively^ in terms of growth, biochemical, yield 
and quality parameters of the above mentioned plant. Growth, biochemical and 
quality parameters were determined at 60, 120 and 180 DAS. Yield characteristics 
were studied at harvest (210 DAS). The effect of N application on all the parameters 
was found significant at all the stages. However, except for the total carotenoid 
content as well as P content at all stages (60, 120 and 180 DAS) and seeds per capsule 
as well as 100-seed weight at harvest (210 DAS) did not significantly respond to the 
application of N. Neo proved to be optimum for most of the parameters studied. The 
important results are elaborated below (Table 19-20). 
4.2.1 Growth parameters 
The application of N had pronounced effect on growth parameters namely 
shoot length, root length, leaf area, shoot fresh weight, root fresh weight, shoot dry 
weight and root dry weight per plant which were recorded at 60, 120 and 180 DAS, 
respectively. Thus, N levels significantly affected the above parameters. The 
remarkable features of the data (Table 19-24) are given below. 
4.2.1.1 Shoot length per plant 
The effect of N application was found significant on the shoot length per plant. 
Treatment Neo gave maximum shoot length per plant as compared with that of the 
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control by 21.1%, 24.3% and 17.5% at 60, 120 and 180 DAS, respectively. The effect 
of Neo was statistically at par with that of N90 at 60, 120 and 180 DAS with control 
having the lowest value (Table 19). 
4.2.1.2 Root length per plant 
Root length per plant was found significant at all stages. The maximum root 
length was recorded in Neo treatment by 16.3%, 21.9% and 12.2% at 60, 120 and 180 
DAS, over their respective controls. Control gave the lowest value at all stages 
(Table 19). 
4.2.1.3 Leaf area per plant 
A maximum leaf area was registered by Ngo treatment and an increase of 
46.4%, 42.0% and 30.0% was recorded at 60, 120 and 180 DAS, over their respective 
controls. The value of Ngo was statistically at par with that of N90 at all the stages. 
Leaf area was found minimum in control plants (Table 19). 
4.2.1.4 Shoot fresh weight per plant 
The effect of N application was found maximum in Neo treatment by 23.5%, 
21.3% and 14.5% at 60, 120 and 180 DAS, respectively as compared with that of the 
control. The effect of Neo was statistically at par with that of N90, which was followed 
by N30 treatment at all stages. Lowest value was obtained for the control plants 
(Table 20). 
4.2.1.5 Root fresh weight per plant 
The maximum response for root fresh weight per plant was registered in Neo 
treatment by 15.2%, 24.2% and 15.6% at 60, 120 and 180 DAS, respectively as 
compared with that of control. The effect of Neo was statistically at par with that of 
N90 treatment at 60, 120 and 180 DAS. Control showed the lowest value (Table 20). 
4.2.1.6 Shoot dry weight per plant 
Shoot dry weight was found to be significantly affected by the N application 
and treatment Neo registered the maximum shoot dry weight per plant by 28.7%, 
26.0% and 21.5% at 60, 120 and 180 DAS, over their respective controls. The effect 
of Neo was statistically at par with that of N90 at 60, 120 and 180 DAS. Control gave 
minimum value in comparison with other N levels (Table 20), 
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4,2.1.7 Root dry weight per plant 
N application also affected the root dry weight per plant and proved significant 
at all stages (60, 120 and 180 DAS). The effect of N application was most 
pronounced in N^ o treatment by 17.1%, 26.8% and 17.3% at 60, 120 and 180 DAS as 
compared with that of the control. The value given by Neo treatment was statistically 
at par with that of N90. Lowest value of root dry weight was obtained in control 
(Table 20). 
4.2.2 Biochemical parameters 
The effect of basal application of N on all biochemical parameters was found 
significant at 60, 120 and 180 DAS. However, total carotenoid content and P content 
was non-significant at all the stages (60, 120 and 180 DAS). The details of the data 
(Table 21-23) are given below. 
4.2.2.1 Total chlorophyll content 
N60 treatment of N application had its pronounced effect on chlorophyll 
content as the maximum total chlorophyll content was recorded for the above 
mentioned treatment by 3.7%, 4.2% and 1.2% at 60, 120 and 180 DAS, over their 
respective controls. Neo was equally effective as N90 at 60, 120 and 180 DAS. 
Control showed the lowest value (Table 21). 
4.2.2.2 Total carotenoid content 
The effect of N application was not found significant on total carotenoid 
content at all the stages of sampling (Table 21). 
4.2.2.3 Leaf-N content 
N application has its pronounced effect on the leaf-N content of Datura 
innoxia Mill, and a maximum value was registered for the treatment Neo by 20.2%, 
18.0%) and 15.3%) at 60, 120 and 180 DAS, over their respective controls. Neo 
treatment was equally effective to that of N90 at 60, 120 and 180 DAS, respectively. 
Control gave minimum value at all stages (Table 22). 
4.2.2.4 Leaf-P content 
The effect of N application on the leaf-P content was found to be non-
significant at 60, 120 and 180 DAS, respectively (Table 22). 
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4.2.2.5 Leaf-K content X f v ^ w ^^^^ 
The maximum leaf-K content was registered in Neo treatm^«fc=c§£sii^ .9%, 
18.6% and 13.8% at 60, 120 and 180 DAS, over their respective controls. Neo was 
equally effective as N90 treatment at 60, 120 and 180 DAS. The value of Neo 
treatment was followed by N30 treatment at all stages. Control showed the lowest 
value (Table 22). 
4.2.2.6 Nitrate reductase activity 
The effect of N application on nitrate reductase activity was registered 
maximum in Neo treatment by 26.4%, 29.0% and 25.5% at 60, 120 and 180 DAS, over 
their respective controls. The effect of N60 was statistically at par with that of N90 
treatment at 60, 120 and 180 DAS. The lowest value was obtained in control 
treatment (Table 23). 
4.2.2.7 Carbonic anhydrase activity 
The maximum carbonic anhydrase was registered for the N60 treatment by 
9.4%, 8.3% and 7.1% at 60, 120 and ISO DAS as compared with that of the control. 
Neo was statistically at par with N90 at 60, 120 and 180 DAS which was followed by 
N30. Carbonic anhydrase activity was lowest in the control treatment (Table 23). 
4.2.3 Yield and quality characteristic 
All the yield characteristics were studied at harvest (210 DAS) and quality 
characteristic at 60, 120 and 180 DAS. All the yield characteristics were found to be 
significant except, seeds per capsule and 100-seed weight. The quality characteristic 
(i.e. alkaloid content) was found significant at all stages. The details of the above said 
characteristics are described briefly below (Table 24). 
4.2.3.1 Capsules per plant 
Application of N significantly increased the capsules per plant over the 
control. Treatment N60 produced maximum capsules per plant by 18.3%) as compared 
with that of the control. The effect of Neo was statistically at par with that of N90 and 
was followed by that of N30 Capsules per plant were lowest in control treatment 
(Table 24). 
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4.2.3.2 Seeds per capsule 
Seeds per capsule did not significantly respond to the application of N and was 
thus non-significant (Table 24). 
4.2.3.3 100-seed weight per plant 
The effect of N application was non-significant on the weight of 100-seeds 
weight per plant (Table 24). 
4.2.3.4 Seed yield per plant 
All N levels affected seed yield significantly. Neo treatment increased the seed 
yield by 22.8% over the control. This increment in seed yield was statistically at par 
with that of N90, which was followed by N30. Seed yield of control treatment was least 
at all stages (Table 24). 
4.2.2.5 Total alkaloid content in leaf 
Application of N showed significant effect on the total alkaloid content of 
Datura innoxia Mill, and maximum total alkaloid content was registered in Neo 
treatment the value of which exceeded over the control by 14.3%, 11.1% and 11.2% 
at 60, 120 and 180 DAS, respectively. The effect of Neo treatment was statistically at 
par with that of N90 at 60, 120 and 180 DAS. Control had the lowest total alkaloid 
content value (Table 24). 
4.3 Experiment 3 
This experiment was performed on Ashwagandha according to a simple 
randomized design, to analyze the effect of P levels viz. 0, 6.5, 13 and 20 mg P per kg 
of soil (Po, Pis, P26 and P40, respectively) based on same parameters including the 
sampling stages as in Experiment 1. The data (Table 25-31) revealed that significant 
differences existed among the various levels of P application. However, few 
parameters did not significantly respond to the application of P and thus were 
non-significant. Among these includes the total carotenoid content at 60, 120 and 180 
DAS and seeds per berry as well as 100-seed weight at harvest (210 DAS). The dose 
P26 proved to be optimum for most of the parameters studied. The results are 
summarized below (Table 25-31). 
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4.3.1 Growth parameters 
The growth parameters, namely shoot length, root length, leaf area, shoot fresh 
weight, root fresh weight, shoot dry weight and root dry weight per plant were 
recorded at 60, 120 and 180 DAS, and were found to be significantly affected by the 
application of P. The salient features of data (Table 25-26) are given below. 
4.3.1.1 Shoot length per plant 
Treatment P26 significantly increased the shoot length per plant by 28.0%, 
28.8% and 25.2% at 60, 120 and 180 DAS, over their respective controls. The effect 
of P26 was followed by Pn at all stages. Lowest value was obtained for control 
treatments (Table 25). 
4.3.1.2 Root length per plant 
The root length per plant was also increased significantly at all stages (60, 120 
and 180 DAS). The maximum root length was registered at P26 which significantly 
showed an increase in the root length per plant by 25.3%, 29.1% and 23.9% at 60, 120 
and 180 DAS, over their respective controls. The effect of P26 was statistically at par 
with that of P40 at all stages. Control gave minimum value among all levels of P 
(Table 25). 
4.3.1.3 Leaf area per plant 
Treatment P26 showed an excess in the leaf area of the plant by 47.2%, 34.9% 
and 41.6% at 60, 120 and 180 DAS, over their respective controls. The effect of P26 
was followed by P^ at all stages. Leaf area was least in control treatment (Table 25). 
4.3.1.4 Shoot fresh weight per plant 
The maximum shoot fresh weight was registered in P26 treatment by 28.7%, 
27.6% and 25.5% at 60, 120 and 180 DAS, respectively as compared with that of 
control. This was followed by Po at all stages. Minimum shoot fresh weight per plant 
was obtained in control treatment (Table 26). 
4.3.1.5 Root fresh weight per plant 
P application significantly increased the root fresh weight per plant over the 
control. The maximum root fresh weight was obtained in plants of P26 treatment at 
60, 120 and 180 DAS by 27.7%, 27.5% and 26.3%, over their respective controls and 
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was statistically at par with P40 treatment at all the stages. Plants obtained from control 
showed the lowest root fresh weight as compared to all other treatments (Table 26). 
4.3.1.6 Shoot dry weight per plant 
The effect of? treatment was also significant on shoot dry weight at all stages. 
An increase in shoot dry weight was most pronounced in P26 at 60, 120, and 180 DAS 
by 23.2%, 34.5% and 18.5%, over their respective controls. Control value was the 
lowest (Table 26). 
4.3.1.7 Root dry weight per plant 
P application affected the root dry weight per plant and was statistically 
significant. The maximum value was obtained for P26 treatment at 60, 120 and 180 
DAS by 32.1%, 28.4% and 26.1%, over their respective controls. The effect of P26 
was statistically at par with that of P40 at 60, 120 and 180 DAS. Control showed the 
lowest value for this parameter (Table 26) 
4.3.2 Biochemical parameters 
The effect of basal application of P on all biochemical parameters was found 
significant at 60, 120 and 180 DAS. However, total carotenoid content was not 
affected by P application at all stages. The details of the data (Table 27-29) are given 
below. 
4.3.2.1 Total chlorophyll content 
Of all the applied P levels, P26 proved to be the optimum treatment and 
significantly increased the total chlorophyll content by 6.8%, 8.0% and 4.2% at 60, 
120 and 180 DAS, respectively as compared with that of the control (Table 21). The 
effect of P26 was followed by P13 at all stages. Lowest value was recorded in control 
(Table 27). 
4.3.2.2 Total carotenoid content 
The effect of P on carotenoid content in fresh leaves was found non-significant 
at 60, no and 180 DAS (Table 27). 
4.3.2.3 Leaf-N content 
The maximum value for N content was obtained in P26 treatment at all given 
stages by 16.4%, 14.2% and 11.9% at 60,120 and 180 DAS, over their respective 
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controls. N content was found minimum in control plants (Table 28). 
4.3.2.4 Leaf-P content 
The effect of basal P application on leaf-P content was significant at 60, 120 
and 180 DAS and the highest value was observed in P26 treatment by 19.5%, 17.6% 
and 17.1%, over their respective controls. Lowest value was obtained in control 
treatment (Table 28). 
4.3.2.5 Leaf-K content 
Maximum K content was registered in P26 treatment at 60, 120 and 180 DAS 
by 12.2%, 11.6% and 10.8%, over their respective controls. The effect of P26 was 
followed by P13 treatment at all stages. Lowest K content was obtained in control 
(Table 28). 
4.3.2.6 Nitrate reductase activity 
P26 showed maximum value for this parameter by 25.3%, 28.5% and 21.2% at 
60, 120 and 180 DAS, respectively as compared with that of the control. Minimum 
value was obtained in control (Table 29). 
4.3.2.7 Carbonic anhydrase activity 
This parameter was found significant at all the stages and P26 registered a 
maximum increase of 22.6%, 19.8% and 19.7 % as compared to that of control. 
Control showed the lowest value (Table 29). 
4.3.3 Yield and quality characteristics 
All the yield characteristics were studied at harvest (210 DAS) and quality 
characteristic at 60, 120 and 180 DAS. All the yield characteristics were found to be 
significant except, seeds per berry and 100-seed weight. Quality characteristic was 
found significant at all stages. The details of the above characteristics are described 
briefly below (Table 30-31). 
4.3.3.1 Berries per plant 
Application of P significantly increased the berries per plant over the control. 
Treatment P26 produced highest number of berries being 19.6% more than the control. 
The effect of P26 was followed with that of P13. Minimum berries per plant were 
obtained in control treatment (Table 30). 
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4.3.3.2 Seeds per berry 
Seeds per berry did not significantly respond to the application of P and was 
thus non-significant (Table 30). 
4.3.3.3 100-seed weight per plant 
The effect of P application was also non-significant on the weight of 
100-seeds weight per plant (Table 30). 
4.3.3.4 Seed yield per plant 
All P levels affected seed yield significantly and therefore, subsequently an 
increment in seed yield was found up to 23.0% in P26 treatment as compared with that 
of the control. This increment in seed yield was followed with that of P13. Control 
plants gave the lowest seed yield (Table 31). 
4.3.3.5 Root yield per plant 
All P levels affected the root yield significantly and highest root yield was 
obtained by P26 treatment being 22.2% more than the control. Minimum root yield 
was obtained in control (Table 31). 
4.3.3.6 Total alkaloid content in root 
Application of P showed significant effect on the total alkaloid content of 
Ashwagandha. An increase of 14.8%, 15.3% and 11.5% at 60, 120 and 180 DAS, 
respectively over their control in total alkaloid content was registered in P26 treatment. 
Minimum total alkaloid content was observed in control (Table 31). 
4.4 Experiment 4 
Experiment 4 was performed on Datura according to a simple randomized 
design to analyze the effect of P levels viz. 0, 10, 15, 20 and 25 mg P per kg of soil 
(Po, P20, P30, P40 and P50, respectively) based on same parameters including the 
sampling stages as in Experiment 2. The data (Table 39-44) were found significant. 
However, few parameters did not significantly respond to the application of P and 
thus were non-significant. These include the total carotenoid content at all stages and 
seeds per capsule as well as 100-seed weight at harvest (210 DAS). The P40 level of P 
proved optimum for most of the parameters studied. The results are summarized 
below (Table 32-37). 
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4.4.1 Growth parameters 
The growth parameters, namely shoot length, root length, leaf area, shoot fresh 
weight, root fresh weight, shoot dry weight and root dry weight were recorded at 60, 
120 and 180 DAS, and were found to be significantly affected by the application of P. 
The salient features of data (Table 32-33) are given below. 
4.4.1.1 Shoot length per plant 
Treatment P40 significantly increased the shoot length per plant by 27.8%, 
29.7% and 26.0% at 60, 120 and 180 DAS, respectively over the control. Lowest 
value was observed in control (Table 32). 
4.4.1.2 Root length per plant 
The root length per plant was increased significantly at all stages of sampling 
(60, 120 and 180 DAS). The maximum root length was registered in P40 which 
significantly showed an increase in the root length per plant by 17.6%, 26.2% and 
22.9% at 60, 120 and 180 DAS, over their respective controls. Control showed the 
lowest value at all stages (Table 32). 
4.4.1.3 Leaf area per plant 
The above application also showed its significant effect on leaf area at 60,120 
and 180 DAS, over their respective controls. Treatment P40 showed an increase in 
leaf area of the plant by 43.9%, 42.4% and 32.2% at 60, 120 and 180 DAS, 
respectively over the control. P40 was followed by P30 treatment at 60, 120 and 180 
DAS with control being the lowest in value at all stages (Table 32). 
4.4.1.4 Shoot fresh weight per plant 
Maximum shoot fresh weight was registered in P40 treatment by 25.9%, 
24.1% and 20.2%, at 60, 120 and 180 DAS, over their respective controls. Control 
showed the lowest value (Table 32). 
4.4.1.5 Root fresh weight per plant 
P application significantly increased the root fresh weight per plant over the 
control. The maximum root fresh weight was registered in plants of P40 treatment at 
60, 120 and 180 DAS by 25.8%, 30.3% and 27.0%, over their respective controls. 
The effect of P40 was statistically at par with that of P50 at 60, 120 and 180 DAS. 
Control registered the minimum value (Table 33). 
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4.4.1.6 Shoot dry weight per plant 
An increase in shoot dry weight was most pronounced in P40 treatment at 60, 
120, and 180 DAS by 44.8%, 42.9% and 39.7%, over their respective controls. 
Control treatment showed the lowest value (Table 33). 
4.4.1.7 Root dry weight per plant 
P application affected the root dry weight per plant significantly. The 
maximum value was recorded in P40 treatment at 60, 120 and 180 DAS by 37.4%, 
37.2% and 34.9%, over their respective controls. The effect of P40 was statistically at 
par with P50 treatment and was followed by that of P30 at 60, 120 and 180 DAS. 
Control gave the minimum value for this parameter (Table 33). 
4.4.2 Biochemical parameters 
The effect of basal application of P on all biochemical parameters was found 
significant at 60, 120 and 180 DAS. However, total carotenoid content was not 
affected by P application at all stages. The details of the data (Table 34-36) are given 
below. 
4.4.2.1 Total chlorophyll content 
Of all the applied P levels, P40 proved to be the optimum treatment and 
significantly increased the total chlorophyll content by 7.2%, 8.1% and 4.4% at 60, 
120 and 180 DAS, respectively as compared with that of the control. The effect of P40 
was followed by that of P30 at 60, 120 and 180 DAS. The value of control was least 
(Table 41). 
4.4.2.2 Total carotenoid content 
The effect of P on total carotenoid content in fresh leaves was found 
non-significant at all stages (Table 34). 
4.4.2.3 Leaf-N content 
The maximum value for N content was obtained at P40 treatment by 21.0%), 
19.2 % and 17.2% at 60,120 and 180 DAS, over their respective controls. Minimum 
N content was found in control plants (Table 35). 
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4.4.2.4 Leaf-P content 
The P content was found significant and maximum value was observed in P40 
treatment by 22.5%, 20.0% and 18.6% at 60, 120 and 180 DAS, over their respective 
controls. Lowest value was obtained in control treatment (Table 35). 
4.4.2.5 Leaf-K content 
The maximum K content was registered in P40 treatment by 16.5%, 17.1% and 
12.4% at 60, 120 and 180 DAS, over their respective controls. Control showed the 
lowest value (Table 35). 
4.4.2.6 Nitrate reductase activity 
Nitrate reductase activity was significant at 60, 120 and 180 DAS, 
respectively. P40 showed maximum value for this parameter by 26.0%), 27.3%o and 
19.9% at 60, 120 and 180 DAS, over their respective controls. Minimum value was 
observed in control (Table 36). 
4.4.2.7 Carbonic anhydrase activity 
This parameter was found significant at all stages and P40 registered a 
maximum*increase of 17.2%, 19.3% and 15.9 % at 60, 120 and 180 DAS, over their 
respective controls. Lowest value was observed in control (Table 36). 
4.4.3 Yield and quality characteristics 
All the yield characteristics were studied at harvest (210 DAS) and quality 
characteristic at 60, 120 and 180 DAS. All the yield characteristics were found to be 
significant except, seeds per capsule and 100-seed weight. Quality characteristic was 
found significant at all stages. The details of the above mentioned characteristics are 
described briefly below (Table 37). 
4.4.3.1 Capsules per plant 
Treatment P40 gave 20.2% more capsules per plant as compared with that of 
the control. The effect of P40 was followed by that of P30. Minimum value was 
registered in control (Table 37). 
4.4.3.2 Seeds per capsule 
Seeds per capsule did not significantly respond to the application of P and thus 
the effect of P was non-significant on this parameter (Table 37). 
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4.4.3.3 100-seed weight per plant 
The effect of P application was non-significant on the weight of 100-seeds 
weight per plant (Table 37). 
4.4.3.4 Seed yield per plant 
All P levels affected seed yield significantly and seed yield was increased by 
22.7% in P40 treatment over the control. Lowest value was observed in control 
(Table 37). 
4.4.3.5 Total alkaloid content in leaf 
Application of P showed significant effect on the total alkaloid content of 
Datura and treatment P40 registered an excess of 15.7%, 17.2% and 12.4% at 60, 120 
and 180 DAS, over their respective controls. Control showed the lowest value for this 
parameter (Table 37). 
4.5 Experiment 5 
Experiment 5 was conducted on Ashwagandha according to simple 
randomized design, to determine the optimum concentration among the given five 
levels of foliar application of triacontanol, viz. 0, 10"^  10"^^ 10'^  and 10"^  ^ M (To, Ti, 
T2, T3 and T4, respectively) in terms of same parameters as well as sampling stages as 
employed in Experiment 1. The effect of foliar application of triacontanol on all the 
parameters was found significant at all the stages. The total carotenoid content at all 
stages, seeds per berry as well as 100 seed weight at 210 DAS which did not 
significantly responded to the application of triacontanol. T2 proved to be optimum 
for most of the parameters studied. The important results are elaborated below 
(Table 38-44). 
4.5.1 Growth parameters 
The growth parameters, namely shoot length, root length, leaf area, shoot fresh 
weight, root fresh weight, shoot dry weight and root dry weight per plant were 
recorded at 60, 120 and 180 DAS, and were significantly affected by the foliar 
application of triacontanol. The remarkable features of data (Table 38-39) are given 
below. 
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4.5.1.1 Shoot length per plant 
Treatment T2 gave maximum shoot length per plant as compared with that of 
control by 24.2%, 31.8% and 28.1% at 60, 120 and 180 DAS, respectively. T^  was 
statistically at par with that of T3 at 60, 120 and 180 DAS, respectively. Lowest value 
was observed in control (Table 38). 
4.5.1.2 Root length per plant 
Maximum root length was recorded in T2 treatment by 30.7%, 36.8% and 
26.0% at 60, 120 and 180 DAS, over their respective controls. The value of T^  was 
statistically at par with that of T3 at 60, 120 and 180 DAS, respectively. Control 
showed the lowest value (Table 38). 
4.5.1.3 Leaf area per plant 
A maximum leaf area was registered for T2 treatment and thus the value 
exceeded over the control by 39.4%, 38.4% and 52.0% at 60, 120 and 180 DAS, 
respectively. T2 treatment was statistically at par with that of T3 at 60, 120 and 180 
DAS. Control plants had minimum leaf area per plant (Table 38). 
4.5.1.4 Shoot fresh weight per plant 
The effect of foliar application of triacontanol was found maximum in T2 
treatment. An increase of 24.8%, 32.8% and 29.7% at 60, 120 and 180 DAS was 
recorded, over their respective controls. The effect of T2 was statistically at par with 
that of T3. Control showed the lowest value (Table 39). 
4.5.1.5 Root fresh weight per plant 
T2 treatment showed maximum response to the foliar application of 
triacontanol by 25.4%, 30.3% and 27.6% at 60, 120 and 180 DAS, respectively as 
compared with that of the control. The value of T2 was statistically at par with that of 
T3 treatment at 60, 120 and 180 DAS. Control plants had minimum value for this 
parameter (Table 39). 
4.5.1.6 Shoot dry weight per plant 
T2 registered the maximum shoot dry weight per plant by 29.2%), 35.4%) and 
23.3%) at 60, 120 and 180 DAS, over their respective controls. T2 was statistically at 
par with that of T3 at all stages. Lowest value was observed in control (Table 39). 
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4.5.1.7 Root dry weight per plant 
Maximum root dry weight per plant was recorded in T2 treatment by 16.7%, 
37.8% and 28.4% at 60, 120 and 180 DAS, over their respective controls. The effect 
of T2 was statistically at par with that of T3 at 60, 120 and 180 DAS. Minimum value 
was registered in control (Table 39). 
4.5.2 Biochemical parameters 
The effect of foliar application of triacontanol on all biochemical parameters 
was found significant at 60, 120 and 180 DAS, respectively. However, total 
carotenoid content was not affected by triacontanol application at 60, 120 and 180 
DAS. The details of the data (Table 40-42) are given below. 
4.5.2.1 Total chlorophyll content 
Triacontanol application had its most pronounced effect on total chlorophyll 
content by T2 treatment. The maximum total chlorophyll content was obtained for the 
above mentioned treatment by 2.7%, 9.8% and 4.6% at 60, 120 and 180 DAS, 
respectively over their control. The effect of T2 was statistically at par with that of T3 
at all the stages. Lowest value was obtained in control (Table 40). 
4.5.2.2 Total carotenoid content 
The effect of foliar application of triacontanol was not significant on total 
carotenoid content at 60, 120 and 180 DAS (Table 40). 
4.5.2.3 Leaf-N content 
Foliar application of triacontanol had its pronounced effect on the leaf-N 
content of Withania somnifera L. and a maximum value was registered by the 
treatment T2 by 23.5%, 21.4% and 20.3% at 60, 120 and 180 DAS, respectively as 
compared with that of the control. The effect of T2 treatment was equaled by that of 
T3 at 60, 120 and 180 DAS. Minimum value was registered in control (Table 41). 
4.5.2.4 Leaf-P content 
Leaf-P content was registered maximum in T2 by 22.3%, 20.3% and 18.1% at 
60, 120 and 180 DAS respectively as compared with that of the control and was 
statistically at par with that of T3. Control plants showed the least P content 
(Table 41). 
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4.5.2.5 Leaf-K content 
The maximum leaf-K content was registered in T2 treatment by 22.4%, 20.2% 
and 18.8% at 60, 120 and 180 DAS, over their respective controls. The effect of T2 
was statistically at par with that of T3 at 60, 120 and 180 DAS. Minimum value was 
registered in control (Table 41). 
4.5.2.6 Nitrate reductase activity 
The effect of foliar application of triacontanol on nitrate reductase activity was 
registered maximum in T2 treatment by 27.6%, 30.5% and 25.7% at 60, 120 and 180 
DAS respectively as compared with that of control. The value of T2 was statistically 
at par with that of T3 treatment at all the stages. T3 was followed by Ti at 60, 120 and 
180 DAS. Control showed the lowest value (Table 42). 
4.5.2.7 Carbonic anhydrase activity 
The maximum carbonic anhydrase activity was registered by T2 treatment by 
15.2%, 21.1% and 16.6% at 60, 120 and 180 DAS respectively as compared with that 
of control. The effect of T2 treatment was statistically at par with that of T3 at 60, 120 
and 180 DAS. The lowest value was observed in control plants (Table 42). 
4.5.3 Yield and quality characteristics 
All the yield characteristics were studied at harvest (210 DAS) and quality 
characteristic at 60, 120 and 180 DAS. All the yield characteristics were found to be 
significant except, seeds per berry and 100-seed weight. The quality characteristic 
was found significant at all stages. The details of the above said characteristics are 
described briefly below (Table 43-44). 
4.5.3.1 Berries per plant 
Application of foliar application of triacontanol significantly increased the 
berries per plant over the control. Treatment T2 produced highest number of berries 
per plant being 22.3% more than the control. The effect of T2 was statistically at par 
with that of T3 and followed by Ti. The lowest berries per plant were registered in 
control plants (Table 43). 
4.5.3.2 Seeds per berry 
Seeds per berry did not significantly respond to the application of foliar spray 
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of triacontanol and was thus non-significant (Table 43). 
4.5.3.3 100-seed weight per plant 
100-seed weight per plant did not vary significantly by the application of 
triacontanol. 
4.5.3.4 Seed yield per plant 
All levels of foliar application of triacontanol affected seed yield significantly. 
An increment in seed yield was found up to 42.5% in T2 treatment as compared with 
that of control. This increment in seed yield was statistically at par with that of T3. 
Lowest seed yield was registered in control (Table 44). 
4.5.3.5 Root yield per plant 
The foliar application of triacontanol levels affected the root yield 
significantly and highest root yield was obtained in T2 treatment being 26.4% more 
than the control. This treatment was statistically at par in its effect with that of T3. 
Minimum value was registered in control (Table 44). 
4.5.3.6 Total alkaloid content in root 
Ashwagandha significantly responded to the foliar application of triacontanol 
on total alkaloid content and maximum value was recorded by T2 treatment by 18.6%o, 
19.8% and 16.1% at 60, 120 and 180 DAS, over their respective controls. T2 was 
equally effective as T3 treatment at 60, 120 and 180 DAS, respectively. Lowest value 
was observed in control treatment (Table 44). 
4.6 Experiment 6 
This experiment was conducted on Datura according to a simple randomized 
design. The aim of this experiment was to determine the optimum foliar concentration 
of triacontanol using five levels of TRIA viz, 0, 10"^ , 10"^^ 10"^  and lO'^ '^  M (TQ, TI, 
T2, T3 and T4, respectively) based on same parameters including the sampling stages 
as in Experiment 2. The effect of foliar application of triacontanol on all the 
parameters was found significant at all the stages. However, except for the total 
carotenoid content at all the stages of sampling and seeds per capsule and 100-seed 
weight per plant at 210 DAS did not significantly respond to the foliar applicafion of 
triacontanol. T2 proved to be optimum for most of the parameters studied. The 
important resuhs are elaborated below (Table 45-50). 
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4,6.1 Growth parameters 
The growth parameters, namely shoot length, root length, leaf area, shoot fresh 
weight, root fresh weight, shoot dry weight and root dry weight per plant were 
recorded at 60, 120 and 180 DAS, and were found to be significantly affected by the 
foliar application of triacontanol. The remarkable features of data (Table 45-46) are 
given below. 
4.6.1.1 Shoot length per plant 
The effect of foliar application of triacontanol was found significant on the 
shoot length per plant. Treatment T2 gave maximum shoot length per plant as 
compared with that of control by 22.5%, 30.1% and 28.1% at 60, 120 and 180 DAS, 
respectively. The effect of T2 was statistically at par with those of T3 at 60, 120 and 
180 DAS. Minimum value was registered in control (Table 45). 
4.6.1.2 Root length per plant 
The maximum root length was recorded in T2 treatment by 28.2%), 37.1% and 
26.8% at 60, 120 and 180 DAS, over their respective controls. However, T2 was 
statistically at par with that of T3 at 60, 120 and 180 DAS. Lowest value was 
obtained in control (Table 45). 
4.6.1.3 Leaf area per plant 
A maximum leaf area was registered in T2 treatment. This treatment increased 
the leaf area by 41.2%, 48.6% and 40.4% at 60, 120 and 180 DAS, over their 
respective controls. The effect of T2 was statistically at par with that of T3 at 60, 120 
and 180 DAS. Control showed the lowest value (Table 45). 
4.6.1.4 Shoot fresh weight per plant 
The effect of foliar application of triacontanol was found maximum in T2 
treatment and an increase in shoot fresh weight by 24.8%, 26.3% and 23.3% at 60, 
120 and 180 DAS, respectively was observed over the control. The value of T2 was 
statistically at par with that of T3. Minimum value was registered in control 
(Table 46). 
4.6.1.4 Root fresh weight per plant 
T2 treatment showed maximum response to the foliar application of 
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triacontanol by 28.9%, 35.9% and 28.8% at 60, 120 and 180 DAS, respectively as 
compared with that of the control. Control showed the lowest value (Table 46). 
4.6.1.6 Shoot dry weight per plant 
Treatment T2 registered the maximum shoot dry weight per plant by 29.9%, 
32.1% and 27.6% at 60, 120 and 180 DAS, over their respective controls. The effect 
of T2 was statistically at par with that of T3 at 60,120 and 180 DAS. Minimum value 
was obtained in control for this parameter (Table 46). 
4.6.1.7 Root dry weight per plant 
Foliar application of triacontanol also affected the root dry weight per plant 
and was thus significant at all stages. The effect of this application was most 
pronounced in T2 treatment and increased the value by 58.4%, 59.4% and 50.5%) at 
60, 120 and 180 DAS, over their respective controls. Minimum value was registered 
in control (Table 46). 
4.6.2 Biochemical parameters 
The effect of foliar application of triacontanol on all biochemical parameters 
was found significant at 60, 120 and 180 DAS, respectively. However, total 
carotenoid content was not affected by triacontanol application at 60, 120 as well as 
180 DAS. The details of the data (Table 47-49) are given below. 
4.6.2.1 Total chlorophyll content 
Triacontanol application has its pronounced effect on T2 treatment and a 
maximum total chlorophyll content was obtained for the above mentioned treatment 
by 2.4%, 9.3% and 4.3% at 60, 120 and 180 DAS, over their respective controls. T2 
was equally effective to that of T3 at 60, 120 and 180 DAS. Least value was recorded 
in control (Table 47). 
4.6.2.2 Total carotenoid content 
The effect of foliar application of triacontanol was not significant on total 
carotenoid content at all the stages (Table 47). 
4.6.2.3 Leaf-N content 
N application has its pronounced effect on the leaf-N content of Datura 
innoxia Mill, and a maximum value was registered in treatment T2 by 23.4%), 21.2%) 
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and 19.4% at 60, 120 and 180 DAS, over their respective controls. The effect of T2 
treatment was statistically at par with that of T3 at 60, 120 and 180 DAS, respectively. 
Minimum value was registered in control (Table 48). 
4.6.2.4 Leaf-P content 
The effect of foliar application of triacontanol on the leaf-P content was found 
significant at 60, 120 and 180 DAS. Leaf-P content was registered maximum in T2 
treatment by 22.4%, 21.6% and 19.4% at 60, 120 and 180 DAS, over their respective 
controls. The effect of T2 was statistically at par with that of T3 at 60, 120 as well as 
180 DAS, respectively. Control showed the lowest value (Table 48). 
4.6.2.5 Leaf-K content 
The maximum leaf-K content was registered in T2 treatment by 22.6%, 20.2% 
and 19.4% at 60,120 and 180 DAS, over their respective controls. T2 was equally 
effective as T3 at 60 DAS, 120 and 180 DAS, respectively. Control gave minimum 
value for this parameter (Table 48). 
4.6.2.6 Nitrate reductase activity 
The effect of foliar application of triacontanol on nitrate reductase activity was 
registered maximum in T2 treatment by 28.1%, 30.3%) and 26.4% at 60, 120 and 180 
DAS, over their respective controls. The effect of T2 was statistically at par with that 
of T3 at 60, 120 and 180 DAS, respectively. Minimum value was registered in control 
(Table 49). 
4.6.2.7 Carbonic anhydrase activity 
The maximum carbonic anhydrase was registered for the T2 treatment and the 
enzyme activity increased by 14.1%, 20.8% and 16.5% at 60, 120 and 180 DAS, over 
their respective controls. The effect of T2 treatment was statistically at par with that of 
T3 at 60, 120 and 180 DAS. Control showed the lowest value (Table 49). 
4.6.3 Yield and quality characteristics 
All the yield characteristics were studied at harvest (210 DAS) and quality 
characteristic at 60, 120 and 180 DAS. All the yield characteristics were found to be 
significant except, seeds per capsule and 100-seed weight. The quality characteristic 
was found significant at all stages. The details of the above said characteristics are 
described briefly below (Table 50). 
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4.6.3.1 Capsules per plant 
Foliar application of triacontanol significantly increased the capsules per plant 
over the control. Treatment T2 produced highest number of capsules per plant being 
12.7% more than the control. T2 was statistically at par with T3. Control registered 
the lowest number of capsule per plant (Table 50). 
4.6.3.2 Seeds per capsule 
Seeds per capsule did not significantly respond to the application of foliar 
spray of triacontanol and was thus non-significant (Table 50). 
4.6.3.3 100-seed weight per plant 
100-seed weight per plant did not significantly respond to the foliar 
application of triacontanol (Table 50). 
4.6.3.4 Seed yield per plant 
All foliar application of triacontanol levels affected seed yield significantly 
and an increment in seed yield was found up to 27.1% in T2 treatment as did the 
control. This increment in seed yield was statistically at par with that of T3. 
Minimum value was registered in control (Table 50). 
4.6.3.5 Total alkaloid content in leaf 
Datura significantly respond to the foliar application of triacontanol on total 
alkaloid content and T2 treatment was found to exceed the control by 19.0%, 20.2% 
and 17.2% at 60, 120 and 180 DAS, respectively. Treatment T2 was found equally 
effective to that of T3 at all stages. Lowest value was observed in control (Table 50). 
4.7 Experiment 7 
In this experiment, the best combination of N and P in the presence of the 
optimum concentration of TRIA was examined on the basis of the data obtained in 
Experiment 1, 3 and 5. All the stages of sampling and parameters taken into 
consideration were the same as in Experiment 1. Treatment N45P26 + T2 significantly 
enlianced all the growth, biochemical, yield and quality parameters except total 
caroteniod content at all stages and seeds per berry as well as 100-seed weight at 
harvest which was found non-significant. The important resuhs are elaborated below 
(Table 51-56). 
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4.7.1 Growth parameters 
The growth parameters namely shoot length, root length, leaf area, shoot fresh 
weight, root fresh weight, shoot dry weight and root dry weight per plant were 
recorded at 60, 120 and 180 DAS, and were significantly affected by the application 
of combined dose of fertilizers and foliar spray of TRIA. The salient features of data 
(Table 51-56) are given below. 
4.7.1.1 Shoot length per plant 
Treatment N45P26 + T2 significantly increased the shoot length per plant by 
24.3%, 31.9% and 28.2% at 60, 120 and 180 DAS, over their respective controls. 
N45P26 + T2 was statistically at par with that of N60P40 + T2 at 60, 120 and ISO DAS. 
Control showed the lowest value (Table 51). 
4.7.1.2 Root length per plant 
The maximum root length was registered at N45P26 + T2 which significantly 
showed an increase in the root length per plant by 30.8%, 36.9% and 26.2% at 60, 120 
and 180 DAS, over their respective controls. N45P26 + T2 was equally effective with 
that of N60P40 + T2 at all the stages. Minimum value was registered in control 
(Table 51). 
4.7.1.3 Leaf area per plant 
Treatment N45P26 + T2 showed an increase in the leaf area of the plant by 
39.2%, 37.0% and 54.5% at 60, 120 and 180 DAS, over their respective controls. 
N45P26 + T2 was statistically at par with that of N60P40 + T2 at 60, 120 and 180 DAS. 
Minimum leaf area was observed in control (Table 51). 
4.7.1.4 Shoot fresh weight per plant 
The maximum shoot fresh weight was registered in N45P26 + T2 treatment at all 
stages (60, 120 and 180 DAS) by 24.8%, 32.9% and 29.8%, over their respective 
controls. The effect of N45P26 + T2 was statistically at par with that of N60P40 + T2 at 
60, 120 and 180 DAS. Control showed the lowest value (Table 52). 
4.7.1.5 Root fresh weight per plant 
The maximum root fresh weight was obtained in plants of N45P26 + T2 
treatment by 25.7%, 30.3% and 27.5% at 60, 120 and 180 DAS, over their respective 
Experimental Results Page 73 
o 
o u. 
- C 
u c 
<u 
"" • 
-(—' 
o 
o 
(A 
c 
o 
3 
O 
j r 
o. C/3 
o 
z: D-
-a 
c c3 
C 
0) 
M 
O 
t^ 
'c 
T3 
_(U 
D. 
) 
^ 
GO 
< 
Q 
^^ t3J) 
c 
•? 
o (^  b 
D 
t S 
03 
CO 
>» CO 
-o o 
0 0 
"^^  
-o 
c 
03 o' (N 
S-o ( 
'o 
V) 
U -
o 
c 
.2 
+-* 
« 
.S 
15 S 
o o 
_c 
c 
03 - ^ j 
c o 
o 
.2 U i 
^ 
o 
c 
_o 
*-;-» C3 
Q , 
O . 
ra 
L-
« 
"*^  
,o t+H 
^ 
o 
4-» 
o 
, 1 ^ 
^ ^ 
W 
_^^  
l O 
<u 
JD 
03 
H 
^ 
'4-> 
CO 
''~^  J 
« s^ 
^ . 
C 
S 0 
to 
•S 
S a 
-« 
• * * * 
S 
03 
^ T3 
C 
03 
bO 
03 
5 
1/3 
< 
O 
03 
03 
<^-H 
03 
!U 
"" T3 
C 
03 
s: 
to 
c 
D 
a 
CM 
6i) 
C 
'M 
o 
o 
Pi 
C/3 
CZ3 
E 
B 
o 
o 
JS 
o 
o 
o 
o 
00 
o 
(/5 
i r i 
00 
00 
00 
CO 
ON 
o | 00 
^1 d^ 
o 
o 
2 « GX) 
H Z H. 
(N 
0\ 
0\ 
d\ 
o 
ON 
0\ 
O N 
d 
O N 
O 
o 
in 
in 
(N 
0 0 
(N 
ON 
d 
in 
(N 
00 
o 
(N 
(N 
>n ^ 
i n 
'O 
d 
Os 
(N 
ON 
(N 
O 
1-H 
o 
^ 
O N 
NO 
i n 
O N 
oo 
o 
<N 
O 
i n 
od 
m 
(N 
1 ^ 
od 
0 0 
^ 
m 
ON 
i n 
O; 
in 
o 
(N (N 
ON 
0 0 
r--
i n 
m 
o 
0 0 
<n 
i n 
m 
r<o 
rn 
o 
(N 
H 
+ o 
O H 
o 
2 
H 
+ 
r i 
— O H 
o 
r*N 
z 
H 
+ NO 
(N 
0^ 
T l 
• ^ 
Z 
H 
+ 
o 
^ O H 
o VO 
7^ 
i n 
•4.J 
CO 
Q 
U 
controls. N45P26 + T2 was statistically at pai- with that of N60P40 + Ti at 60, 120 and 
180 DAS. Minimum value was registered in control (Table 52). 
4.7.1.6 Shoot dry weight per plant 
An increase in shoot dry weight was most pronounced in N45P26 + T2 treatment 
at 60, 120, and 180 DAS by 27.0%, 25.1% and 16.1%, over their respective controls. 
The effect of N45P26 + T2 was statistically at par with that of N60P40 + T2 at 60, 120 
and 180 DAS. Minimum value was observed in control (Table 52). 
4.7.1.7 Root dry weight per plant 
The maximum value was obtained for N45P26 + T2 treatment at 60, 120 and 
180 DAS by 16.7%, 40.0% and 28.5%, over their respective controls. The value for 
N45P26 + T2 was statistically at par with that for N60P40 + T2 at 60, 120 and 180 DAS. 
Control showed the lowest value (Table 52). 
4.7.2 Biochemical parameters 
The effect of the combination of N, P and triacontanol on all biochemical 
parameters was found significant at 60, 120 and 180 DAS, respectively. However, 
total carotenoid content was not affected by the above mentioned treatments at all the 
stages. The details of the data (Table 53-55) are given below. 
4.7.2.1 Total chlorophyll content 
The total chlorophyll content was found maximum in N45P26 + T2 treatment 
and an increase of 2.6%, 10.0% and 4.8% at 60, 120 and 180 DAS was recorded, over 
their respective controls (Table 53). The effect of N45P26 + T2 was statistically at par 
with that of N60P40 + T2 at 60, 120 and 180 DAS. Minimum value was registered in 
control (Table 53). 
4.7.2.2 Total carotenoid content 
The total carotenoid content was found non-significant at all the stages 
(Table 53). 
4.7.2.3 Leaf-N content 
The maximum value for N content was obtained at N45P26 + T2 treatment at all 
given stages (60, 120 and 180 DAS) by 23.5%, 21.6 % and 20.2%, over their 
respective controls. The effect of N45P26 + T2 was statistically at par with those of 
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N60P40 + T2 at 60, 120 as well as 180 DAS. Control was observed with lowest value 
(Table 54). 
4.7.2.4 Leaf-P content 
The P content was significant at all the stages (Table 54). The maximum P 
content was registered in N45P26 + T2 by 22.5%, 18.7% and 15.5% at 60, 120 and 180 
DAS than did their respective controls. The value for N45P26 + T2 was statistically at 
par with that of N60P40 + T2 at 60, 120 and 180 DAS respectively. Minimum value 
was observed in control (Table 54). 
4.7.2.5 Leaf-K content 
The maximum leaf-K content was registered in N45P26 + T2 treatment at 60, 
120 and 180 DAS by 22.4%, 20.1% and 18.7%, over their respective controls. The 
effect of N45P26 + T2 was statistically at par with that of N60P40 + T2 treatment at 60, 
120 and 180 DAS. Minimum value was registered in control (Table 54). 
4.7.2.6 Nitrate reductase activity 
Nitrate reductase activity was significant at 60, 120 and 180 DAS, 
respectively. N45P26 + T2 showed maximum value for this parameter by 27.8%o, 
30.7% and 25.8% at 60, 120 and 180 DAS than did their respective controls. The 
effect of N45P26 + T2 was statistically at par with that of treatment N60P40 + T2 at all 
stages. Minimum value was obtained in control treatment (Table 55). 
4.7.2.7 Carbonic anhydrase activity 
This parameter was found significant at all the stages and N45P26 + T2 
registered a maximum increase of 14.9%, 20.9%) and 16.7 % at 60, 120 and 180 DAS 
than did their respective controls. The effect of N45P26 + T2 was statistically at par 
with that of N60P40 + T2 which was followed by the effect of N30P13 + T2. Lowest 
value was obtained in control (Table 55). 
4.7.3 Yield and quality characteristics 
All the yield characteristics were studied at harvest (210 DAS) and quality 
characteristic at 60, 120 and 180 DAS. All the yield characteristics were found to be 
significant except, seeds per berry and 100-seed weight. Quality characteristic was 
found significant at all sampling stages. The details of the above said characteristics 
are described briefly below (Table 56-57). 
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4.7.3.1 Berries per plant 
Treatment N45P26 + T2 out yielded the control and produced 22.2% more 
berries per plant. N45P26 + T2 was statistically at par with that of N60P40 + T2. Control 
showed the lowest value (Table 56). 
4.7.3.2 Seeds per berry 
Seeds per berry were found non-significant on this parameter (Table 56). 
4.7.3.3 100-seed weight per plant 
100-seeds weight per plant was not affected significantly by the application of 
soil-applied fertilizer (N and P) and foliar application of triacontanol (Table 56). 
4.7.3.4 Seed yield per plant 
N45P26 + T2 out yielded the control by 43.0% in N45P26 + T2 treatment as 
compared to that of the control. This increment in seed yield was statistically at par 
with those of N60P40 + T2. Minimum value was registered in control (Table 57). 
4.7.3.5 Root yield per plant 
The maximum root yield was obtained in treatment N45P26 + T2 by 27.0% 
than did the control. The effect of N45P26 + T2 was statistically at par with that of 
N60P40+ T2. Lowest value was observed in control (Table 57). 
4.7.3.6 Total alkaloid content in leaf 
All the treatments significantly affected the total alkaloid content in leaf of 
Withania somnifem L. and treatment N45P26 + T2 excelled in its effect over the control 
by 18.7%, 20.0% and 16.3% at 60, 120 and 180 DAS, respectively. N45P26 + T2 was 
equally effective to that of the N60P40 + T2 at 60, 120 DAS and 180 DAS. Minimum 
value was observed in control (Table 57). 
4.8 Experiment 8 
In Experiment 8, the best combination of N and P in the presence of the 
optimum concentration of TRIA was examined on the basis of the data obtained in 
Experiment 2, 4 and 6. All the stages of sampling and parameters taken into 
consideration were the same as in Experiment 2. Treatment N60P40 + T2 significantly 
enhanced all the growth, biochemical, yield and quality parameters except total 
caroteniod content at all stages and seeds per capsule as well as 100-seed weight at 
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harvest which was found non-significant. The important resultS^>.elaborated belo^jKy 
(Table 58-63). ^'^::;:-r,:x.^Sy^ 
4.8.1 Growth parameters 
The growth parameters, namely shoot length, root length, leaf area, shoot fresh 
weight, root fresh weight, shoot dry weight and root dry weight per plant were 
recorded at 60, 120 and 180 DAS, and were found to be significantly affected by the 
application of combined dose of fertilizers and optimum foliar spray of TRIA 
(Table 58-59). The salient features of data are given below in the above mentioned 
tables. 
4.8.1.1 Shoot length per plant 
Treatment N60P40 + T2 significantly increased the shoot length per plant by 
22.6%, 32.1% and 28.1% at 60, 120 and 180 DAS, over their respective controls. The 
effect of N60P40+ T2 was statistically at par with that of N90P50+ T2 at 60, 120 and 180 
DAS. Control showed the lowest value (Table 58). 
4.8.1.2 Root length per plant 
The maximum root length was registered at N60P40 + T2 which significantly 
showed an increase in the root length per plant by 30.0%, 37.2%o and 29.8%o at 60, 120 
and 180 DAS, over their respective controls. The effect of N60P40 + T2 was 
statistically at par with that of N90P50 + T2 at 60, 120 and 180 DAS. Minimum value 
was registered in control plants (Table 58). 
4.8.1.3 Leaf area per plant 
Treatment N60P40 + T2 showed an increase in the leaf area of the plant by 
42.9%, 50.9% and 40.3% at 60, 120 and 180 DAS, over their respective controls. The 
effect of N60P40 + T2 was statistically at par with that of N90P50 + T2 at all stages. 
Minimum leaf area was registered in control (Table 58). 
4.8.1.4 Shoot fresh weight per plaht 
The maximum shoot fresh weight was registered in N60P40 + T2 treatment at all 
stages (60, 120 and 180 DAS) by 26.0%, 28.0% and 26.0%, over their respective 
controls. The effect of N60P40 + T2 was statistically at par with that of N90P50 + T2 at 
60, 120 and 180 DAS. Control showed the lowest value for this parameter (Table 59). 
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4.8.1.5 Root fresh weight per plant 
N60P40 + T2 treatment gave maximum fresh weight of root at 60, 120 and 180 
DAS by 29.0%, 36.4% and 29.2%, over their respective controls. N60P40 + T2 was 
statistically at par with N90P50 + T2 at 60, 120 as well as 180 DAS, respectively. 
Control showed the lowest value (Table 59). 
4.8.1.6 Shoot dry weight per plant 
An increase in shoot dry weight was most pronounced in N60P40 + T2 treatment 
at 60, 120, and 180 DAS by 28.6%, 29.4% and 27.3%, over their respective controls. 
The effect of N60P40 + T2 was statistically at par with that of N90P50 + T2 which was 
followed by the effect of N30P30 + T2 treatment at 60, 120 and 180 DAS. Minimum 
value was observed in control treatment (Table 59). 
4.8.1.7 Root dry weight per plant 
The maximum value was obtained for N60P40 + T2 treatment at 60, 120 and 
180 DAS by 33.0%, 39.8% and 34.5%, over their respective controls. N60P40 + T2 
was equally effective as N90P50 + T2 at 60, 120 and 180 DAS. Lowest value was 
obtained in control (Table 59). 
4.8.2 Biochemical parameters 
The effect of the combined application of N, P and triacontanol on all 
biochemical parameters was found significant at 60, 120 and 180 DAS. However, 
total carotenoid content was not affected by the above prescribed application at all the 
stages. The details of the data (Table 60-62) are given below. 
4.8.2.1 Total chlorophyll content 
The total chlorophyll content was found maximum in N60P40 + T2 treatment by 
2.4%, 9.7% and 4.7% at 60, 120 and 180 DAS, over their respective controls 
(Table 60). The effect of N60P40 + T2 was statistically at par with those of N90P50 + T2 
at 60, 120 and 180 DAS, respectively. Minimum value was observed in control 
(Table 60). 
4.8.2.2 Total carotenoid content 
The total carotenoid content was found non-significant at all the stages 
(Table 60). 
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4.8.2.3 Leaf-N content 
The maximum value for N content was obtained at N60P40 + T2 treatment at all 
stages (60, 120 and 180 DAS) by 24.0%, 21.3 % and 20.7%, over their respective 
controls. The effect of N60P40 + T2 was statistically at par with that of NgoPso + T2 at 
all the stages. Control showed the lowest value (Table 61). 
4.8.2.4 Leaf-P content 
The maximum P content was registered in N60P40 + T2 by 12.1%, 18.9%) and 
19.4% at 60, 120 and 180 DAS respectively, as compared with that of the control. 
The effect of N60P40 + T2 was statistically at par with that of N90P50 + T2 at 60 DAS, 
120 and 180 DAS. Minimum value was obtained in control (Table 61). 
4.8.2.5 Leaf-K content 
The maximum leaf-K content was registered in N60P40 + T2 treatment at 60, 
120 and 180 DAS by 23.0%, 20.8% and 19.7%, over their respective controls. The 
effect of N60P40 + T2 was statistically at par with that of N90P50 + T2 treatment at 60, 
120 and 180 DAS. Control showed the lowest value (Table 61). 
4.8.2.6 Nitrate reductase activity 
N60P40 + T2 showed maximum value for this parameter by 28.4%, 30.5%) and 
26.4% at 60, 120 and 180 DAS, respectively as compared with that of the control. 
The effect of N60P40 + T2 was statistically at par with that of N90P50 + T2 at 60, 120 
and 180 DAS. Minimum value was observed in control treatment (Table 62). 
4.8.2.7 Carbonic anhydrase activity 
This parameter was also found significant at all the stages (60, 120 and 180 
DAS) and N60P40 + T2 registered a maximum increase of 14.4%, 21.1% and 17.2%) 
than did their respective control. The effect of N60P40 + T2 was statistically at par with 
that of N90P50 + T2 at 60, 120 and 180 DAS. Lowest value was observed in control 
treatment (Table 62). 
4.8.3 Yield characteristics and quality characteristic 
All the yield characteristics were studied at harvest (210 DAS) and quality 
characteristic at 60, 120 and 180 DAS. All the yield characteristics were found to be 
significant except, seeds per capsule and 100-seed weight per plant. Quality 
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characteristic was found significant at all sampling stages. The details of the above 
said characteristics are described briefly below (Table 63). 
4.8.3.1 Capsules per plant 
Treatment N60P40 + T2 out yielded the control by 25.6% producing more 
capsules per plant. The effect of N60P40 + T2 was statistically at par with that of 
N90P50+ T2. Minimum value was observed in control (Table 63). 
4.8.3.2 Seeds per capsule 
Seeds per capsule were found non-significant (Table 63). 
4.8.3.3 100-seed weight per plant 
100-seeds weight per plant did not vary significantly by the application of 
soil-applied fertilizers (N and P) and foliar-applied triacontanol (Table 63). 
4.8.3.4 Seed yield per plant 
An increment in the yield of seed was found by 39.6% in N60P40 + T2 
treatment over the control. N60P40 + T2 was statistically at par with that of N90P50 + T2 
treatment. The lowest seed yield was obtained in the control (Table 63). 
4.8.3.5 Total alkaloid content in leaf 
The total alkaloids content was significantly affected by all the prescribed 
treatments and was registered maximum in treatment N60P40 + T2 by 18.9%, 20.2% 
and 17.4% over the control. N60P40 + T2 was found equally effective as N90P50 + T2 
treatment at 60,120 and 180 DAS. Control showed the lowest value (Table 63). 
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CHAPTER 5 
DISCUSSION 
5.1 Introduction 
Medicinal plants have always afforded a subject of great interest as they are 
the most important source of therapeutic agents used in modern as well as traditional 
systems of medicine and constitute the important natural wealth of the country. This 
valuable wealth of India is dwindling due to the recent upsurge in its demand in India 
as well as in the international market leading to an extra pressure on its supply that 
lags behind its demand. Naturally, this has led to procurement and supply problems. 
Indiscriminate exploitation of some herbs has led even to their total disappearance 
(Trivedi, 2006). Many others are at the verge of extinction (Sarin, 2003; Sharma, 
2003; Singh and Tyagi, 2004; Chaudhuri, 2007). Therefore, there is an urgency to 
give special emphasis and to clearly define the policies to ensure conservation, 
cultivation, quality control standards, processing and preservation, marketing as well 
as export of medicinal plants. Out of these useful steps and policies, the cultivation of 
medicinal plants on scientific lines appears to be extraordinarily effective to obtain 
authentic, standard and fresh herbal materials. Further, since the land under 
cultivation is limited, improved scientific management practices is the only way to 
augment the yield and quality of these herbs ensuring their steady supply. 
India is a 'treasure house' of valuable medicinal plants. However, little work 
has been done to augment the yield and quality of these plants with special reference 
to Ashwagandha and Datura, whose medicinal value is beyond doubt. Although they 
have been used extensively in medicine, the basic information regarding its 
cultivation in India is not sufficient and requires attention. A plant requires regular 
input of N and P for sustained and healthy growth. Hence, any approach that could 
enhance top growth together with better utilization of N and P would be highly 
beneficial for the cultivation of these plants. 
Earlier researches have shown that TRIA is a naturally occurring plant growth 
promoter/ modulator (Ries et al, 1977). To date, triacontanol has been shown to 
increase the yield of both food crops and vegetables significantly (Eriksen et al, 
1981; Ries, 1985; Knight and Mitchell, 1987; Kawashima et al, 1989; Nagoshi and 
Kawashima, 1996; Asane et al, 1998; Borowski et al, 2000; Khan et al, 2006). 
Similar reports are also available for medicinal plants like Cymbopogon flexuosus 
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(Misra and Srivastava, 1991) and Papaver somniferum (Srivastava and Sharma, 
1990). This led to postulate that application of TRIA could be exploited in order to 
increase the growth and possibly ensure higher yield and quality of these plants, since 
the biological as well as economical yield of a crop is the result of the interaction 
between its genetic potential and various environmental factors including enhancing 
the efficiency of the crop for reaping more and more solar energy and thereby, 
attaining vigorous growth of plants. It was therefore, decided to carry out suitable 
experiments designed statistically with the aim and objective mentioned in Chapter 1. 
5.2 Growth parameters 
Growth is defined as quantitative change, i.e. increase in mass or length. 
Development, on the other hand, involves both quantitative and qualitative changes, 
i.e. irreversible changes in the growth of cells, tissues and organs. The developmental 
changes, e.g. morphological and metabolic changes, are influenced by intrinsic and 
extrinsic factors, such as (a) supply and absorbtion of nutrients, which have critical 
importance in cell metabolism and (b) involvement of phytohormones/ plant growth 
regulators for maintaining a healthy, sink-source relationship. 
In Experiments 1,2,3 and 4, growth parameters like shoot length, root length, 
leaf area and, fresh and dry weights of shoot and root (Tables 12-13; 19-20; 25-26 and 
32-33) were favourably affected by nitrogen (N) and phosphorus (P) application to the 
soil. The maximal response was observed with 45 kg N per ha (N45) in Experiment 
1 (except root length and root fresh and dry weight) and with 60 kg N per ha (Neo) in 
Experiment 2, phosphorus at the rate of 26 Kg P per ha (Pae) proved the best in 
Experiment 3 and at 40 kg P per ha (P40) in Experiment 4. The increase in the 
vegetative growth with the optimum dose of fertilizers (45 kg N per ha in Experiment 
1, 60 kg N per ha in Experiment 2, 26 Kg P per ha in Experiment 3 and 40 kg P per ha 
in Experiment 4) might be due to the effective role of the balanced amount of the 
nutrient elements in enhancing plant growth and development. In fact, it is well 
known that the root and shoot morphogenesis of plant species is affected by the level 
and form of the fertilizer applied (Albregts et al., 1991). The positive effects of N and 
P may be explained on the basis of the fact that N, in addition to its important role in 
cell division and cell expansion (Gastal and Lemarie, 2002), functions as a necessary 
component in several key bio-macromolecules (Salisbury and Ross, 1992; Menghini 
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et al, 1998; Lawlor, 2002; Taiz and Zeiger, 2006). It is therefore, required by all parts 
of the plant, particularly the meristematic tissues and the metabolically active cells. 
Similarly, P is a constituent of cell membranes, a number of proteins, all nucleic acids 
and nucleotides. Besides, P is involved in controlling key enzyme reactions and in the 
regulation of metabolic pathways (Theodorou and Plaxton, 1993; Schachtman et al, 
1998). However, the excess amount of fertilizers may cause burning and death of the 
root hairs, affecting negatively the root growth by inhibiting the elongation and 
enlargement of the root cells. Consequently, it may limit the extension of the roots in 
the soil rendering them weak, short and fluffy (Tisdale et al, 1993). In another study, 
Mengel and Kirkby (1996) found that, the overloaded dose of fertilizers increased the 
soil osmotic pressure, resulting in the soil water being tightly held within the soil 
granules, this causes dehydration of the plant organs, particularly the aboveground 
parts because of less water uptake and its translocation to the stems, leaves and other 
aerial plant parts. In another study, Barker and Corey (1990) reported that the extreme 
fertilization regime may enhance ethylene evolution and affect the plant growth. It has 
been reported by FeiBo et al (1998) and Sawan et al (2001) that N, P and K nutrients 
have the largest effect on the physiology and yield of crops as they are essential for 
photosynthesis and dry matter production (Al-Humaid, 2004). The observed 
advantageous effects of N and P application on the growth parameters of 
Ashwagandha and Datura are in conformity with earlier workers (Afaq, 1978; 
Ruminska and Gamal, 1978; Shetty et al, 1990; Maitra et al, 1998; Maryada et al, 
2001; Kaushal etal, 2002; Aishwath, 2004; Al-Humaid, 2004; Pandey et al, 2006). 
In Experiments 5 and 6, the favourable effects of the foliar-spray of TRIA 
were noted for most of the growth parameters (Tables 38-39; 45-46) and maximum 
response was obtained with T2 (lO'^ ^M TRIA) (Experiments 5 and 6). In fact, the 
exogenous application of PGRs might evoke the intrinsic potential of the crop (Taiz 
and Zeiger, 2006 and Khan et al, 2007). TRIA has already been reported to act on the 
membrane in such a way that enzyme (s), or secondary messengers (L (+)- adenosine) 
are triggered that cause the cascading effect, which result in increased metabolism and 
accumulation of various critical intermediary metabolic compounds, leading to an 
increase in dry weight and growth (Ivanov and Angelov, 1997; Muthuchelian et al, 
2003 a). Further, TRIA increases the water uptake, cell elongation and cell division 
(Hangarter and Ries, 1978) resulting in enhanced plant growth and development. Cell 
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division needs input of N and P as the key elements and TRIA facilitates this by 
increasing the nutrient uptake by the plants especially N (Knowles and Ries, 1981). 
Various workers have reported such favourable effects of TRIA on growth of other 
medicinal plants such as Opium (Srivastava and Sharma, 1990; Khan et al, 2007) and 
lemongrass (Misra and Srivastava, 1991). 
In the present investigation, deleterious effect on almost all the parameters was 
observed in T4 (lO'^ ^ M TRIA) the decline in response of plants to TRIA at higher 
concentrations is difficult to explain (Ries and Houtz, 1983). Additionally, it might be 
possible that higher dose of TRIA could have created disturbance in the metabolism 
of the plant leading to decline in response of plants to TRIA. 
In Experiments 7 and 8, the plants showed a greater response to the 
combination of fertilizers along with the best dose of TRIA in comparison to their 
individual affects with regard to the growth characteristics (Tables 51-52; 58-59). The 
optimum response for most of the characteristics was obtained with N45P26 + T2 
(N45P26+ TRIA 10-^ -^ M; Experiment 7; Tables 51-52) and N60P40+ T2 (N60P40 + TRIA 
10-^'M; Experiment 8; Tables 58-59). This might be due to the synergistic interplay 
of the applied nutrients (N and P) and TRIA at the optimum levels. Under normal 
circumstances, a balanced nutrient profile helps in maintaining maximum plant 
growth. However, most of the nutrients applied to the soil are leached out over a 
certain period of time if not utilized by the plants. Muthuvel et al (2001) reported a 
declining trend in available N, F and K of the soil after harvesting the plants treated 
with TRIA. Besides this, there are reports that established that of alfalfa plants 
[Medicago sativa) can avoid water stress in dry habitats by sending down deep root 
systems (Hopkins, 1999). TRIA might have presumably, ameliorated the growth of 
these plants by increasing the nutrients uptake and their utilization thereafter due to 
improved root system. Favourable reports of combined application of TRIA and 
fertilizers on growth characteristics have, in fact, been reported by several workers 
(Baruah et al, 1997; Sumeria, 2003; Rashid et al, 2006; Tomar and Singh, 2007). 
The results of Experiments 1-8 reveal that almost all growth characteristics 
studied showed linear increase in values upto the last sampling stage of growth, 
however, there was a slight decrease in leaf area of the plant at 180 DAS which may 
be attributed to lesser number of leaves as plant ages. But the increase at the earlier 
stages (i.e. 60 and 120 DAS) was slightly higher in comparison with the later growth 
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stages (180 DAS). This might be because of the fact that the absorption capacity of 
underground part of the plants decreases as plant progresses in age (Adepetu and 
Akapa, 1977). This factor might create discernible constraint at later growth stages of 
crop, where the competition for nutrients and other inputs might be probably more 
intense. Although the morphology of underground part is genetically controlled, it is 
also influenced by the characteristics of soil and soil nutrient status (Mengel and 
Kirkby, 1996). When plants grow old, the absorption process of the nutrients may 
become slow due to the weakening of the root system or unavailability of nutrients 
owing to leaching, fixation decomposition of nutrients leading to a lowering of 
nutrient status of plant. However, there was a slight decrease in leaf area of the plant 
which may be attributed to lesser number of leaves as plant ages. 
5.3 Biochemical parameters 
The biomass accumulation in crop relies on interregulation of multiple 
physiological processes. To regulate these processes efficiently, crop needs adequate 
supply of resources. Sufficient supply of nutrients stimulates metabolic activities and 
development so as to adapt efficiently to the nutritional status. Therefore, emphasis 
has been given to some biochemical parameters contributing toward growth of the 
plants in the present study (Tables 14-16; 21-23; 27-29; 34-36; 40-42; 47-49; 53-55 
and 60-62). 
The results of Experiments 1, 2, 3 and 4 (Tables 14-16; 21-23; 27-29 and 34-
36) reveal that applied nutrients (N and P) resulted in significantly advantageous 
response for all biochemical characteristics such as CA, NRA, total chlorophyll 
content and N,P and K content in leaves. The optimum plant response regarding these 
characteristics was found for N45 (Experiment 1), Neo (Experiment 2), P26 (Experiment 
3), P40 (Experiment 4). Moreover, foliar sprays of TRIA (Experiments 5 and 6) also 
affected these attributes positively (Tables 40-42 and 47-49). Maximum plant 
response was obtained for T2 the treatment containing lO'^ '^ M TRIA (Experiments 5 
and 6). 
Nitrogen is a constituent of many important biomolecules, e.g. nucleic acids, 
proteins certain hormones and chlorophyll. Since, large amount of chlorophyll per 
unit area is needed to capture solar energy efficiently, nitrogen is intimately related to 
photosynthesis (Lawlor, 2002). Lower rates of photosynthesis under conditions of 
Discussion Page 85 
nitrogen limitation are often attributed to the reduction of chlorophyll content 
(Verhoeven et al, 1997; Toth et al, 2002). Also, a positive correlation has been 
reported between nitrogen and chlorophyll content by several authors (Evans and 
Terashima, 1988; Menghini et al, 1998). Further, it has been reported that N-
fertilization has a direct effect on thylakoids and grana formation (Menghini et al, 
1998). Similarly, phosphorus is an integral component of important compounds of 
plant cells, including the sugar-phosphate intermediates of respiration and 
photosynthesis and the phospholipids that constitute the plant membranes. It is also an 
important component of ATP (used in energy metabolism), DNA and RNA (Taiz and 
Zeiger, 2006). It promotes regulation of ribulose-l,5-bisphosphate (Rao and Terry, 
1989; Fredeen et al, 1990), biosynthesis of ribulose-1, 5- bisphosphaste carboxylase 
and adenosine triphosphate (Dietz and Foyer, 1986) and assimilation of carbon 
dioxide (Longstreth and Nobel, 1980). Thus, directly or indirectely N is helpful in 
enhancing the photosynthetic process of the plants. 
A significant increase in chlorophyll content due to nitrogen and phosphorus 
application has, in fact, been observed by Thapar et al (1990), Lopez-Cantarero et al 
(1994), Shubhra et al (2003, 2004) and Prsa et al (2007) in several plants. The above 
fact gets additional support by the significant and positive correlation between total 
chlorophyll contents and leaf N and P contents at various growth stages of these 
plants (Tables 64, 65, 66 and 67) suggesting that the biosynthesis of the pigment 
molecules was dependent on the uptake of N and P within optimum limits. 
TRIA also enhanced the total chlorophyll content of the leaves (Tables 40 and 
47). The increased pigment content of TRIA-treated leaves could be attributed to the 
increase in the number and size of chloroplast, the amount of chlorophyll per 
chloroplast and proper grana development (Muthuchelian et al, 1990). A significant 
increase in chlorophyll content in TRIA- treated leaves has also been observed by 
different workers (Muthuchelian et al, 1990; Srivastava and Sharma, 1990; Misra and 
Srivastava, 1991; D'Souza et al, 1999; Kumaravelu et al, 2000; Sivakumar et al, 
2002; Chen et al, 2003; Muthuchelian et al, 2003 a; Sharma et al, 2006). 
Presumably, the synthesis rate of chlorophyll was increased, or degradation of 
chlorophyll was reduced by TRIA, owing to the TRIA- enhanced uptake of nutrients. 
This finding also gets support from a significantly positive correlation of N and P with 
chlorophyll (Tables 68 and 69). 
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Total chlorophyll content was maximum at 120 DAS for Ashwagandha and 
Datura, respectively. It declined invariably at later growth stages (Tables 14, 21, 27, 
34, 40, 47, 53 and 60). Reduction in total chlorophyll contents might be due to the 
accelerated leaf-senescence and an increase in breakdown of pigments or their 
precursors with increasing age of the plants (Mauromicale et al, 2006). 
Carbonic anhydrase (CA) is an abundant enzyme in photo synthetic tissue 
(Reed and Graham, 1981; Badger and Price, 1994) and has been found to be 
important in . many physiological functions that involve carboxylation or 
decarboxylation reactions, including photosynthesis (Khan, 1994; Li et al, 2000; 
XinBin et al, 2001) as well as in respiration. It also participates in the transport of 
inorganic carbon to actively photosynthesizing cells or away from actively respiring 
cells (Henry, 1996). Indeed, a positive correlation has been reported of CA with 
photosynthesis and, thus, with dry matter in case of mustard (Khan, 1994; 2002). The 
role of CA is to catalyze the reversible hydration of CO2 and maintain its constant 
supply to RuBP Case at the level of the grana of the chloroplast (Majeau and 
Coleman, 1994; Price et al, 1994). Moreover, CA is also known to be involved in 
photosynthetic electron transport system (Stemler, 1997) and in maintaining 
chloroplast pH during rapid changes in light intensity (Reed and Graham, 1981). The 
observed elevation in the activity of CA (Tables 16, 23, 29 and 36) by soil- applied N 
and P in the Experiments 1,2,4 and 5 could be due to the dependence of synthesis of 
structural and catalytic proteins on these nutrients (Lynch and Rodriguez, 1994; 
Harmens et al, 2000; Marschner, 1995). The increase in CA activity is reported to 
enhance the rate of assimilation of carbon dioxide and dry matter production (Khan et 
al., 2004). Similar beneficial effect of these nutrients on the activities of various 
enzymes has been reported by Dietz and Foyer (1986), Rao and Terry (1989), Fredeen 
et a/. (1990), Harmens et al (2000), Azam (2002), Khan et al (2004), Naeem and 
Klian (2009) and Naeem et al (2009). Moreover, the enhancement in the CA enzyme 
activity by TRIA foliar application (Tables 42 and 49) might be attributed to TRIA 
enhanced the uptake of nutrients (Knowles and Ries, 1981; Misra and Srivastava, 
1991; Chen et al, 2003; Naeem et al, 2009). The increase in the uptake of nutrients 
might presumably enhance the efficiency of TRIA in plant metabolism as TRIA has 
positive interaction with these nutrients. The above finding gets support by a positive 
correlation of CA with N and P content (Tables 66 and 69). The increase in CA 
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activity could be attributed to the positive effect of the application of TRIA. CA 
activity was maximum at 120 DAS in Ashwagandha and Datura (Tables 16, 23, 29, 
36, 40, 49, 55 and 62). Further, it decreased with increasing the age of the plants, 
comparatively more slowly, from vegetative to flowering stage and more rapidly from 
flowering to fruiting stages in case of all the plants studied (Tables 16, 23, 29, 36, 40, 
49, 55 and 62). 
Plants require an adequate supply of nitrogen in order to synthesize amino 
acids, proteins, nucleic acids and other cellular constituents necessary for their grov^h 
and development. The first step of nitrate assimilation involves the reduction of 
nitrate to unstable nitrite by nitrate reductase, which is a highly regulated enzyme 
(Huber et al., 1996). In addition to nitrogen, NR activity is also influenced by 
phosphorus fertilizers (Oaks, 1985). Leidi and Rodriguez-Navarro (2000) observed 
that when high phosphorus was supplied to the plants, an increase in the concentration 
of nitrogen led to an increase in the capacity of the plant for nitrate assimilation. 
Besides, the presence of phosphorus in the nutrient solution has been reported to 
induce higher assimilation of NO3 in case of corn (De Magalhaes et al., 1998) and 
bean (Gniazdowaska et al., 1999). The enhancement in NR activity as a result of 
application of nitrogen and phosphorus has earlier been confirmed by the findings of 
Hernandez et al (1974), Ajakaiye (1981), Leidi and Rodriguez-Navarro (2000), Garg 
et al. (2001), Camacho-Cristobal et al. (2002), Villora et al. (2002), Naeem and Khan 
(2005), Boroujerdnia et al. (2007), Naeem and Khan (2009) and Naeem et al. (2009). 
In the present study, foliar application of TRIA enhanced the nitrate reductase 
activity. The increase in NR activity by TRIA is related to the increase in uptake of 
nitrogen which might have increased the nitrate. The substrate (nitrate) concentration 
essentially induces functional NR (Hewitt and Afridi, 1959) producing a "nitrate 
sensing" protein of unknown nature that presumably binds with the regulatory regions 
of NR- genes and transcripts NR- mRNA and other regulator proteins involved in 
metabolic response (Redinbaugh and Campbell, 1991; Crawford, 1995; Campbell, 
1999; Scheible et al, 1997a, b c; Campbell, 2002). Similar results were reported by 
Kumaravelu (2000), Muthuchelian et al (2003 a, b), Sharma et al. (2006) and Naeem 
etaL (2009). 
NR activity was maximum at 120 DAS in Ashwagandha as well as in Datura 
(Tables 16, 23, 29, 36, 40, 49, 55 and 62). It decreased with increasing the age of the 
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plants, comparatively more slowly from vegetative to flowering stage and more 
rapidly from flowering to fruiting stage in case of all plants employed for the study 
(Tables 16, 23, 29, 36, 40, 49, 55 and 62). The decline in NR activity with the plant 
age is a commonly observed trend in plants (LiUo, 1991) as NR activity is dependent 
on N supply to the plants at various developmental stages (Eck et ah, 1975). The 
tendency for a greater NR activity has, in fact, been reported in younger tissues as 
they produce both structural and enzymatic proteins for their active growth and 
development (Bako, 2006). When the plant progresses in age, it become less active 
and hence requires lesser NR activity and other synthetic activities. 
The positive effect of basal application of nitrogen and phosphorus fertilizer 
on leaf NPK content in leaves in Experiments 1, 2, 3, and 4 at various growth stages 
(Tables 15, 22, 28 and 35) might be due to the adequate supply of these nutrients 
ensuring their continuous absorption by roots, followed by smooth translocation to the 
shoot. This would result finally in their satisfactory distribution throughout the 
foliage. An increase in the NPK content as a result of application of nitrogen and 
phosphorus fertilizers has also been noted by Singh and Ram (1992), Hayat et al 
(1996), Hocking et al. (1997), Parmar et al. (1999), Alloush et al. (2000), Araujo et 
al. (2000), Khan et al. (2000), Singh and Verma (2002), Khiriya and Singh (2003), 
Al-Humaid (2004), Naeem and Klian (2005), Siddique (2005) and Naeem et al. 
(2009). 
Foliar application of TRIA also increased NPK content in leaves which might 
be due to the increase in the hunger of TRIA treated plants for these nutrients. The 
increase in the uptake of nutrients might thus, have, resulted in beneficial effect of 
TRIA on growth and yield of the treated plants. Similar increase in nutrient uptake by 
TRIA treated plants have been reported by other workers (Knowles and Ries, 1981; 
Misra and Srivastava, 1991; Chen et al, 2003). The above findings gets its support 
from positive correlation of leaf N and P content with various growth parameters at 
almost all grov^h stages of these plants (Tables 68 and 69). 
The increase in the biochemical parameters such as total chlorophyll content, 
CA, NRA, NPK content in Experiments 7 and 8 might be due to the synergistic effect 
o.f fertilizers (N and P) and TRIA. Baruah et al, 1997 reported the similar beneficial 
effect of combined application of fertilizers and TRIA on total chlorophyll content as 
well as NPK content while Konde et al, 2001 reported on NPK content. 
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5.4 Yield characteristics 
Yield is the final manifestation of several intricate morphological and 
physiological traits, which initiate at germination and terminate at harvest (Prasad et 
al, 1978). Thus, better yields are obtained by encouraging vegetative growth which is 
influenced by various management practices, including efficient use of fertilizers and 
plant growth regulators. In the present study, application of N, P, TRIA and their 
combination proved effective in maximizing most of the yield attributing traits 
(Tables 17-18; 24; 31-30; 37; 43-44; 50; 56-57 and 63. In Experiments 1, 2, 3 and 4, 
yield characteristics like number of berries/ capsule per plant, root yield and seed 
yield (Tables 17-18; 24; 30-31 and 37) were noted to be favourably affected by N and 
P application to the soil. The maximal response was observed with N45 in Experiment 
1, Neo in Experiment 2, P26 in Experiment 3 and P40 in Experiment 4. However, higher 
root yield was obtained in treatment N30 in Experiment 1 which might be due to the 
fact that N fertilizers enhance vegetative growth leading to poor root yield (The 
Wealth of India, 2003 a). Similar trends were also observed by Maitra et al. (1998), 
Muthumanickam and Balkrishnamurthy (1999) and Aishwath, (2004). 
Improvement in leaf area (Tables 12, 19, 25 and 32), on the one hand and total 
leaf chlorophyll content (Tables 14, 21, 27 and 34) on the other, seems to be mainly 
responsible for the observed parallel increase in the various yield characteristics 
studied. Apparently, the greater the surface area of the leaf, the better equipped it 
would be to harvest radiant energy and to produce more photosynthates and hence 
higher dry weight of the treated plants (Tables 13, 20, 26 and 33). The cumulative 
effect of increased CA and NRA activities (Tables 16, 23, 29 and 36) and the 
adequate leaf NPK content (Tables 15, 22, 28 and 35) resulted in a positive response 
with regards to various growth parameters in the present study (Tables 12-13; 19-20; 
25-26 and 32-33), which enhanced dry matter production in the treated plants (Tables 
13, 20, 26 and 33). Expectedly, the sequence of events led to a positive effect on the 
yield characteristics studied (Tables 17-18; 24; 30-31 and 37). The sustained 
improvement in yield characteristics might have culminated in the maximization of 
sink (Tables 17, 24, 30 and 37). The above propositions might be supported by the 
correlation studies wherein seed yield was significantly and positively related to most 
of the characteristics studied at various stages of growth (Tables 64-66 and 67). 
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Similar beneficial effect of N and P fertilizers have been reported by Perez et al. 
(1988), Murage et al (1996), Maitra et al. (1998), Muthumanickam and 
Balakrishnamurthy (1999), Kausal et al. (2002), Muthumanickam et al (2002), 
Aishwath (2004), Puttanna et al (2005) and Panchbhai et al (2006). 
Foliar applied TRIA (Experiment 5 and 6) that benefited not only enhanced 
the growth and physiological attributes as mentioned earlier, but also increased the 
yield attributing traits (Tables 43-44 and 50). The maximum response was observed 
with T2 (10-^ ^ M TRIA; Experiment 5 and 6). Increased shoot length (Tables 38 and 
45) and dry matter (Tables 39 and 46) accumulation due to applied spray (i.e. TRIA) 
contributed in increasing the number of berries/ capsules per plant (Tables 43 and 50). 
The increase in the number of berries/ capsule per plant might be due to increase in 
the production of flowers or due to sustain arrest in the dropping of the flowers as 
TRIA spray reduces flower fall (Miniraj and Shanmugavelu, 1987; Kumaravelu et al. 
2000). In the present study, both of these factors might have contributed to enhanced 
production of berries/ capsules per plant and hence increased the seed yield per plant 
(Tables 43 and 50). However the increase in root yield might be due to the increase in 
volume of the root which might be a plant response due to TRIA-enhanced nutrient 
uptake in treated plants. It has been reported by Baruah et al, 1997 that root volume 
increases with combined application of TRIA, urea and boric acid. Similar results of 
increase in the yield of crops by the application of TRIA has been reported by Miniraj 
and Shanmugavelu (1987), Jain et al (1988), Ruwali and Upadhyaya (1988), 
Kawashima et al (1989), Ray (1991), Kumaravelu et al (2000), Dhall and Ahuja 
(2004), Khan et al. (2006) and Naeem et al (2009). 
The data of Experiments 7 and 8 reveal an increase in the number of berries/ 
capsules per plant, seed yield per plant and root yield per plant. The maximum 
response was obtained in N45P26 + T2 (Experiment 7) and N60P40 + T2 (Experiment 8). 
TRIA in fact, increased the nutrient uptake and promoted vegetative growth as well as 
yield of the crop. In Experiment 7 and 8, TRIA might have acted as an appetizer and 
could have increased the plants hunger for nutrients which might have enhanced their 
uptake from the soil. The enhanced nutrient uptake might have been utilized by the 
plants and was therefore, resulted in the enhanced vegetative growth and yield. 
Favorable effect of fertilizer and TRIA application on yield has earlier been reported 
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by Pujari et al (1998), Sumeriya et al (2000), Konde et al. (2001), Sumeria (2003), 
Rashid et al. (2006) and Tomar and Singh (2007). 
5.5 Quality characteristic 
In Experiments 1, 2, 3 and 4, total alkaloid content (Tables 18; 24; 31 and 37) 
was noted favourably affected by N and P application. N45, N^o. P26. and P40 proved 
significantly effective and gave maximum total alkaloid content in Ashwagandha and 
Datura, respectively (Tables 18; 24; 31 and 37). Nitrogen is an essential constituents 
of alkaloids, enzymes etc. Similarly, phosphorus is an essential constituent of majority 
of enzymes and is involved in the transformation of energy. The observed 
advantageous effect of N and P application on total alkaloid content of Ashwagandha 
and Datura are in conformity with the findings of earlier works in this regard (Shetty 
et al, 1990; Demeyer and Dejaegere, 1997; Maitra et al, 1998; Al-Humaid, 2004; 
Ajay etal, 2005; Panchbhai et al, 2006). 
In Experiments 5 and 6, TRIA increased the total alkaloid content and the 
TRIA at lO'^^M (T2) gave maximum value in both the test plants (Tables 44 and 50). 
TRIA might be responsible for enhanced uptake of nutrients that are involved in the 
biosynthesis of alkaloids production. The above finding gets support from the positive 
correlation of leaf N and P content with the total alkaloid content at various stages of 
growth (Tables 68 and 69). Favourable effect of TRIA application on total alkaloid 
content has earlier been reported by Srivastava and Sharma (1990) and Khan et al 
(2007). 
The optimum response for most of the characteristics was obtained to 
N45P26+ TRIA 10-^ -^ M (Experiment 7; Tables 51 and 52) and N60P40 + TRIA lO'^ '^ M 
(Experiment 8; Tables 58 and 59). The increase in total alkaloid content might be due 
to the enhanced uptake of nitrogen and its incorporation in alkaloid formation. The 
above finding is supported by significant correlation of leaf-N with the total alkaloid 
content at various growth stages (Tables 70 and 71). A favourable combined effect of 
fertilizer and TRIA application on quality attributes has been earlier been reported by 
Konde et al, 2001 in groundnut (Arachis hypogaea) and by Sumeria, 2003 in Mustard 
{Brassica juncea). 
5.6 Conclusion 
From the foregoing discussion the following points emerge which may be 
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claimed as first reports in the scientific literature regarding tlie application of 
macronutrients and triacontanol in case of Withania somnifera L. and Datura imoxia 
Mill. 
(i) The optinaum basal doses of nitrogen and phosphorus for Ashwagandha 
and Datura under the agro-climatic conditions of Aligarh (Western Uttar 
Pradesh) have been determined with precision in pot culture. 
(n) The soil-applied nitrogen and phosphorus proved beneficial for the 
performance of both the test plants. 
(iii) Basal doses of soil-applied nitrogen at 45 kg N per ha and phosphorus at 
26 kg P per ha proved beneficial for Withania somnifera L., while nitrogen 
60 kg per ha and phosphorus at 40 kg per ha proved beneficial in the case 
of Datura innoxia Mill. 
(iv) The optimum foliar dose of TRIA (lO'^'^M TRIA) was also determined 
that proved to be the most beneficial concentration for both the test plants. 
However, lO'^^M TRIA showed deleterious effects in case of both the test 
plants under study. 
(v) Foliar application of TRIA (IQ- '^^ M) with higher dose of soil-applied 
fertilizers (45 kg N per ha+ 26 kg P per ha) proved beneficial for Withania 
somnifera L. In case of Datura innoxia Mill., foliar applicafion of lO'^^M 
TRIA + 60 kg N per ha + 40 kg P per ha gave best results. 
(vi) Lastly, the beneficially affected attributes that contributed to the 
maximization of seed yield were (i) shoot length per plant, (ii) root length 
per plant, (iii) leaf area index per plant, (iv) fresh and dry weights of shoot 
and root, (v) total chlorophyll content, (vi) Leaf-NPK content, (vii) nitrate 
reductase activity, (viii) carbonic anhydrase activity, (xi) total alkaloid 
content, (x) berries/ capsule per plant, (xi) seeds/ berry per capsule (xii) 
100-seed weight, (xiii) and root yield. 
In conclusion, it may be stated that Withania somnifera L. gave the best results 
with 45 kg N per ha + 26 kg P per ha applied in combination with foliar spray of 
TRIA lO'^ -^ M, while 60 kg N per ha + 40 kg P per ha applied with lO'^^M TRIA 
(foliar spray) proved the best for Datura innoxia Mill. 
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Table 64 Correlation coefficient values (r) of various parameters with leaf-nitrogen and leaf-phosphorus content (60 
DAS), total alkaloid content (120 DAS) and seed yield (210 DAS) of Ashwagandha {Withama sommfera L) 
(Experiment 1) 
Parameters 
Shoot length 
Root length 
Leaf area 
Shoot fresh weight 
Root fresh weight 
Shoot dr) weight 
Root dry weight 
Total chlorophyll 
content 
Leaf-N content 
Leaf-P content 
Leaf-K content 
Nitrate reductase 
activity 
Carbonic 
anhydrase activity 
Total alkaloid 
content 
Seed yield 
Root yield 
Number of berries 
DAS 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
210 
210 
210 
Leaf-N 
content 
0 927 NS 
0 947NS 
0 985* 
0 995** 
0 995 ** 
0 947 NS 
0 982* 
0 976* 
0 989* 
0 935 NS 
0 957* 
0 957* 
0 973* 
0 874 NS 
0 990* 
0 923 NS 
0 920 NS 
0 939 NS 
0 944 NS 
0 959* 
0 914NS 
0 979* 
0 947 NS 
0 944 NS 
_ 
0 970* 
0 956* 
0 877 NS 
0 928 NS 
0 959 NS 
0 880 NS 
0 993 ** 
0 959* 
0 905 NS 
0 963* 
0 901 NS 
0 966* 
0 971 * 
0 959* 
0 985* 
0 990* 
0 987* 
0 980* 
0 965* 
0 979* 
Leaf-P 
content 
0 977* 
0 985* 
0 928 NS 
0 909 NS 
0 880NS 
0 854NS 
0918NS 
0 950NS 
0 935 NS 
0 990* 
0 916NS 
0 966* 
0 951 * 
-
0 879 NS 
0 989* 
0 978* 
0 962* 
0981* 
0 974* 
0 894 NS 
0 867 NS 
0 984* 
0 920 NS 
0 877NS 
0 866 NS 
0 779 NS 
-
0 993** 
0 974* 
0 723 NS 
0 926 NS 
0 973* 
0 998** 
0 863 NS 
0 996 ** 
0 930NS 
0 961 * 
0 972* 
0 936 NS 
0 903 NS 
0 899 NS 
0 94INS 
0 968* 
0 938NS 
Total alkaloid 
content 
0 961* 
0 960* 
0 998** 
0 983* 
0 998 ** 
0 979* 
0 999 ** 
0 992 ** 
0 995 ** 
0 952* 
0 983* 
0 981 * 
0 964* 
0 899 NS 
0 999 ** 
0 952* 
0 956* 
0 973* 
0 968* 
0 976* 
0 962* 
0 995 ** 
0 956* 
0 981* 
0 990* 
0 935 NS 
0 906NS 
0 903 NS 
0 948 NS 
0 977* 
0 920 NS 
0 991 ** 
0 961* 
0 925 NS 
0 988* 
0 932 NS 
0 992 ** 
0 987* 
0 979* 
0 996 ** 
-
0 966* 
0 995 ** 
0 966* 
0 996 ** 
Seed yield 
0 982* 
0 982* 
0 999 ** 
0 981 * 
0 988* 
0 969* 
0 998 ** 
-
0 998** 
0 977* 
0 996 ** 
0 995 ** 
0 976* 
0 938 NS 
0 989* 
0 978* 
0 979* 
0 988* 
0 988* 
0 993 ** 
0 965* 
0 983* 
0 979* 
0 985* 
0 985* 
0 932 NS 
0 889NS 
0 941NS 
0 974* 
0 993 ** 
0 893 NS 
0 992 ** 
0 979* 
0 958* 
0 978* 
0 963* 
0 996 ** 
0 998** 
0 994 ** 
— 
0 995** 
0 965* 
-
0 982* 
-
Significant at P> 0 05 (0 950), Significant at P> 0 01 (0 990), NS= Non significant, DAS= Days after sowing 
Table 65 Correlation coefficient values (r) of various parameters with leaf-nitrogen and leaf-phosphorus content (60 
DAS), total alkaloid content (120 DAS) and seed yield (210 DAS) of Datura innoxia Mill (Experiment 2) 
Parameters 
Shoot length 
Root length 
Leaf area 
Shoot fresh 
weight 
Root fresh weight 
Shoot dry weight 
Root dry weight 
Total chlorophyll 
content 
Leaf-N content 
Leaf-P content 
Leaf-K content 
Nitrate reductase 
activity 
Carbonic 
anhydrase 
activity 
Total alkaloid 
content 
Seed yield 
Number of 
capsules 
DAS 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
210 
210 
Leaf-N 
content 
0 991 *• 
0 853 NS 
0 977* 
0710NS 
0 932 NS 
0 853 NS 
0 970* 
0 991 ** 
0 957* 
0 972* 
0 931NS 
0 969* 
0 848 NS 
0 976* 
0 874 NS 
0971 * 
0 924NS 
0 975* 
0 809 NS 
0 972* 
0 866 NS 
0 935 NS 
0 997** 
0 939 NS 
_ 
0 982* 
0 905 NS 
0 958* 
0 907 NS 
0 948 NS 
0 989* 
0 963* 
0 950 NS 
0 999** 
0 928 NS 
0 978* 
0 970* 
0 986* 
0 955* 
0 890 NS 
0 888 NS 
0 875 NS 
0 914NS 
0 964* 
Leaf-P 
content 
0 983* 
0 963* 
0 997 ** 
0 877 NS 
0 987* 
0 961 * 
0 997 ** 
0 987* 
-
0 995 ** 
0 994 ** 
0 999 ** 
0 964* 
0 994 ** 
0 975* 
0 999 ** 
0 992 ** 
0 996 ** 
0 940 NS 
0 999 ** 
0 973* 
0 995 ** 
0 937 NS 
0 998 ** 
0 959* 
0 995 ** 
0 988* 
-
0 988* 
0 999 ** 
0 987* 
0 997 ** 
0 995 ** 
0 957 NS 
0 992 ** 
0 994 ** 
0 999 ** 
0 991 ** 
0 999 ** 
0 983* 
0 956* 
0 974* 
0 991 ** 
_ 
Total alkaloid Seed yield 
content 
0 905 NS 
0910NS 
0 943 NS 
0 842 NS 
0 904 NS 
0 901NS 
0 932 NS 
0 920 NS 
0 948 NS 
0 924 NS 
0 935 NS 
0 953* 
0 955* 
0 921NS 
0 928 NS 
0 950NS 
0 935NS 
0 933 NS 
0 964* 
0 953* 
0 957* 
0 936NS 
0 852 NS 
0 953* 
0 888 NS 
0 944NS 
0 972* 
0 956* 
0 939NS 
0 969* 
0 914NS 
0 933 NS 
0 924 NS 
0 876NS 
0 929 NS 
0 926 NS 
0 944 NS 
0 927 NS 
0 947 NS 
0 969* 
-
0 978* 
0 946NS 
0 952* 
0 956* 
0 990* 
0 979* 
0 933 NS 
0 991 ** 
0 989* 
0 984* 
0 960* 
0 992 ** 
0 982* 
0 998** 
0 985* 
0 987* 
0 978* 
0 998** 
0 984* 
0 999 ** 
0 981 * 
0 965* 
0 983* 
0 992** 
0 998 ** 
0 888 NS 
0 998** 
0 914NS 
0 973* 
0 995 ** 
0 991 ** 
-
0 992 ** 
0 962* 
0 989* 
0 992 ** 
0 916NS 
0 998** 
0 978* 
0 985* 
0 969* 
0 993** 
0 994 ** 
0 946 NS 
0 986* 
-
0 988* 
Significant at P> 0 05 (0 950), Significant at P> 0 01 (0 990), NS= Non significant, DAS= Days after sowing 
Table 66 Correlation coefficient values (r) of various parameters with leaf-nitrogen and leaf-phosphorus content (60 
DAS), total alkaloid content (120 DAS) and seed yield (210 DAS) of Ashwagmdhn {Wilhania somnifera L.) 
(Experiment 3) 
Parameters 
Shoot length 
Root length 
Leaf area 
Shoot fresh 
weight 
Root fresh weight 
Shoot dry weight 
Root dry weight 
Total chlorophyll 
content 
Leaf-N content 
Leaf-P content 
Leaf-K content 
Nitrate reductase 
activity 
Carbonic 
anhydrase activity 
Total alkaloid 
content 
Seed yield 
Root yield 
Number of berries 
DAS 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
210 
210 
210 
Leaf-N 
content 
0.906 NS 
0.975 * 
0.808 NS 
0.739 NS 
0.738 NS 
0.850 NS 
0.929 NS 
0.799 NS 
0.843 NS 
0.871 NS 
0.988 * 
0.846 NS 
0,844 NS 
0.863 NS 
0.785 NS 
0.902 NS 
0.883 NS 
0.940 NS 
0.824 NS 
0.828 NS 
0.787 NS 
0.904 NS 
0.998 ** 
0.982 * 
_ 
0.882 NS 
0.940 NS 
0.961 * 
0.974 * 
0.914 NS 
0.923 NS 
0.979 * 
0.834 NS 
0.991 ** 
0.807 NS 
0.856 NS 
0.907 NS 
0.910 NS 
0.951 * 
0.960 * 
0.955 * 
0.997 ** 
0.875 NS 
0.825 NS 
0.887 NS 
Leaf-P 
content 
0.915 NS 
0.939 NS 
0.827 NS 
0.528 NS 
0.523 NS 
0.681 NS 
0.937 NS 
0.776 NS 
0.867 NS 
0.899 NS 
0.926 NS 
0.834 NS 
0.665 NS 
0.695 NS 
0.584 NS 
0.946 NS 
0.902 NS 
0.909 NS 
0.637 NS 
0.647 NS 
0.587 NS 
0.892 NS 
0.956 * 
0.957 * 
0.961 * 
0.828 NS 
0.934 NS 
-
0.987 * 
0.913 NS 
0.867 NS 
0.927 NS 
0.804 NS 
0.983 * 
0.774 NS 
0.913 NS 
0.960 * 
0.929 NS 
0.970 * 
0.963 * 
0.906 NS 
0.962 * 
0.895 NS 
0.822 NS 
0.900 NS 
Total alkaloid 
content 
0.974 * 
0.996 ** 
0.928 NS 
0.698 NS 
0.735 NS 
0.782 NS 
0.978 * 
0.939 NS 
0.943 NS 
0.951 * 
0.984 * 
0.960 * 
0.808 NS 
0.803 NS 
0.778 NS 
0.944 NS 
0.960 * 
0.997 ** 
0.798 NS 
0.768 NS 
0.781 NS 
0.983 * 
0.970 * 
0.989 * 
0.954 * 
0.983 * 
0.988 * 
0.906 NS 
0.961 * 
0.981 * 
0.996 ** 
0.995 ** 
0.958 * 
0.964 * 
0.945 NS 
0.921 NS 
0.934 NS 
0.967 * 
0.968 * 
0.980 * 
-
0.973 * 
0.958 * 
0.947 NS 
0.966 * 
Seed yield 
0.998 ** 
0.953 * 
0.991 ** 
0.465 NS 
0.518 NS 
0.572 NS 
0.992 ** 
0.970 * 
0.998 ** 
-
0.904 NS 
0.989 * 
0.605 NS 
0.600 NS 
0.570 NS 
0.988 * 
— 
0.978 * 
0.593 NS 
0.553 NS 
0.574 NS 
0.993 ** 
0.897 NS 
0.949 NS 
0.876 NS 
0.963 * 
0.987 * 
0.895 NS 
0.947 NS 
0.995 •* 
0.961 * 
0.935 NS 
0.976 * 
0.923 NS 
0.966 * 
0.990 * 
0,978 * 
0.996 ** 
0.975 * 
0.975 * 
0.958 * 
0,908 NS 
-
0,988 * 
0,999 ** 
Significant at P> 0,05 (0,950); Significant at P> 0.01 (0.990); NS= Non significant; DAS= Days after sowing 
Table 67 Correlation coefficient values (r) of various parameters with leaf-nitrogen and leaf-phosphorus content (60 
DAS), total alkaloid content (120 DAS) and seed yield (210 DAS) of Datura innoxia Mill. (Experiment 4) 
Parameters 
Shoot length 
Root length 
Leaf area 
Shoot fresh 
weight 
Root fresh weight 
Shoot dry weight 
Root dry weight 
Total chlorophyll 
content 
Leaf-N content 
Leaf-P content 
Leaf-K content 
Nitrate reductase 
activity 
Carbonic 
anhydrase activity 
Total alkaloid 
content 
Seed yield 
Number of 
capsules 
DAS 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
210 
210 
Leaf-N 
content 
0.978 ** 
0,936 * 
0.943 * 
0.067 NS 
0.258 NS 
0.302 NS 
0.977 ** 
0.966 ** 
0.992 ** 
0.980 ** 
0.943 * 
0.949 * 
0.341 NS 
0.376 NS 
0.408 NS 
0.994 ** 
0.993 ** 
0.989** 
0.296 NS 
0.389 NS 
0.317 NS 
0.952 ** 
0.917* 
0.913* 
_ 
0.994 ** 
0.958 ** 
0.963 ** 
0.942 * 
0.945 * 
0.979 *• 
0.966 ** 
0.950 * 
0.966 ** 
0.963 ** 
0.985 ** 
0.976 ** 
0.976 ** 
0.967 ** 
0.984 ** 
0.988 ** 
0.988 ** 
0.992 ** 
0.992 ** 
Leaf-P 
content 
0.985** 
0.958 ** 
0.970 ** 
0.331 NS 
0.504 NS 
0.549 NS 
0.988 ** 
0.986 ** 
0.964 ** 
0.984 ** 
0.970 ** 
0.970 ** 
0.549 NS 
0.587 NS 
0.609 NS 
0.963 ** 
0.975 ** 
0.968 ** 
0.508 NS 
0.599 NS 
0.530 NS 
0.981 ** 
0.938 * 
0.923 * 
0.963 ** 
0.983 ** 
0.935 * 
-
0.962** 
0.929 * 
0.971 ** 
0.973 ** 
0.987 ** 
0.943 * 
0.920 * 
0.977 ** 
0.989 ** 
0.986 ** 
0.988 ** 
0.967 **, 
0.956 ** 
0.973 ** 
0.987 ** 
0.962 ** 
Total alkaloid 
content 
0.957 ** 
0.901 * 
0.911 * 
0.101 NS 
0.288 NS 
0.316 NS 
0.961 ** 
0.941 * 
0.975 ** 
0.960 •* 
0.910* 
0.919** 
0.41 INS 
0.427 NS 
0.468 NS 
0.980 ** 
0.973 ** 
0.968 ** 
0.369 NS 
0.449 NS 
0.381 NS 
0.929 * 
0.880 * 
0.872 NS 
0.988** 
0.977 ** 
0.986 ** 
0.956 ** 
0.976 ** 
0.984 ** 
0.981 •* 
0.959 ** 
0.960 ** 
0.966 ** 
0.964 ** 
0.986 ** 
0.957** 
0.941 * 
0.944 * 
0.997 ** 
-
0.993 ** 
0.976 ** 
0.989 ** 
Seed yield 
0.982 ** 
0.901 * 
0.914* 
0.082 NS 
0.265 NS 
0.319NS 
0.983 ** 
0.946 * 
0.970 ** 
0.984 •* 
0.913* 
0.918* 
0.348 NS 
0.373 NS 
0.409 NS 
0.998 ** 
0.976 ** 
0.966 ** 
0.304 NS 
0.396 NS 
0.319 NS 
0.927 * 
0.873 NS 
0.865 NS 
0.992 ** 
0.986 ** 
0.980 ** 
0.962 ** 
0.957 ** 
0.953 ** 
0.961 •* 
0.940 * 
0.968 ** 
0.990 ** 
0.987 ** 
0.972 ** 
0.958 ** 
0.959 ** 
0.947 * 
0.980 ** 
0.989 ** 
0.997 ** 
0.983 ** 
_ 
Significant at P> 0.05 (0.878); Significant at P> 0.01 (0.950); NS= Non significant; DAS= Days after sowing 
Table 68 Correlation coefficient values (r) ot various parameters with leaf-nitrogen and leaf-phosphorus content (60 
D'\S), total alkaloid content (120 DAS) and seed yield (210 DAS) of Ashwagandha {Wilhama sommfera L ) 
(Experiment 5) 
Parameters 
Shoot length 
Root length 
Leaf area 
Shoot fresh 
weight 
Root fresh weight 
Shoot dr) weight 
Root dry weight 
Total chlorophyll 
content 
Leaf-N content 
Leaf-P content 
Leaf-K content 
Nitrate reductase 
activity 
Carbonic 
anhydrase activity 
Total alkaloid 
content 
Seed yield 
Root yield 
Number of berries 
DAS 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
m 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
nQ 
60 
120 
180 
60 
120 
180 
60 
120 
ISO 
60 
120 
180 
60 
120 
180 
60 
120 
180 
210 
210 
210 
Leaf-N 
content 
0 871NS 
0 926* 
0 944* 
0 964 ** 
0 933* 
0 934* 
0 974** 
0 869 NS 
0 882* 
0 887* 
0 884* 
0 892* 
0 905* 
0951 * 
0 748 NS 
0 883* 
0 935* 
0 965** 
0 991 ** 
0 924* 
0981 ** 
0 888* 
0991 ** 
0 970 ** 
_ 
0 999** 
0 999** 
0 868 NS 
0 950* 
0 954* 
0 958* 
0 987** 
0 874 NS 
0 988** 
0 998 ** 
0 786NS 
0 930* 
0 959* 
0 932* 
0 877 NS 
0 930* 
0 878 NS 
0 856NS 
0 807 NS 
0 857NS 
Leaf-P 
content 
0 760 NS 
0 987** 
0 898* 
0 969 ** 
0 979** 
0 985** 
0 867 NS 
0 975** 
0 975** 
0 974 ** 
0 986** 
0 992 ** 
0 881 * 
0 938* 
0 864 NS 
0 977** 
0 922* 
0 966 ** 
0 880* 
0 864 NS 
0 947* 
0 999** 
0 927* 
0 957* 
0 868NS 
0 887* 
0 846 NS 
_ 
0 975** 
0 871NS 
0 974** 
0 788NS 
0 995 ** 
0 933* 
0 897* 
0 988** 
0 986** 
0 965** 
0 978** 
0 974** 
0951 * 
0 959* 
0 961 ** 
0 961 ** 
0 941 * 
Total alkaloid 
content 
0 704 NS 
0 986 ** 
0 865 NS 
0 977** 
0 976** 
0 983** 
0 871NS 
0 986** 
0 984 ** 
0 992 ** 
0 982 ** 
0 981 ** 
08I9NS 
0 998 ** 
0 848 NS 
0 988 ** 
0 996 ** 
0 974 ** 
0 962 ** 
0 977 ** 
0 967 ** 
0 962 ** 
0 959* 
0 984 ** 
0 930* 
0 937* 
0919* 
0 951* 
0 988** 
0 977** 
0 969 ** 
0 896* 
0 972 ** 
0 969** 
0 949* 
0 902* 
0 986** 
0 985** 
0 974 ** 
0 989 ** 
-
0 992 ** 
0 984 ** 
0 924* 
0 986** 
Seed yield 
0 627 NS 
0 976 ** 
0 815NS 
0 947* 
0 966 ** 
0 970 ** 
0 801NS 
0 997 ** 
0 995 ** 
0 996 ** 
0 992 ** 
0 985** 
0 774 NS 
0 970 ** 
0 891NS 
0 997 ** 
0 973** 
0 943* 
0 902* 
0 941* 
0 924* 
0 965 ** 
0 906* 
0 952* 
0 856 NS 
0 868 NS 
0 839 NS 
0 961 ** 
0 966 ** 
0 932* 
0 941 * 
0 807 NS 
0 982 ** 
0919* 
0 886* 
0 937* 
0 974 ** 
0 960** 
0 964 ** 
0 996 ** 
0 984** 
0 998 ** 
-
0 961** 
0 997 ** 
Significant at P> 0 05 (0 878), Significant at P> 0 01 (0 959), NS= Non significant, DAS= Days after sowing 
Table 69 Correlation coefficient values (r) of various parameters with leaf-nitrogen and leaf-phosphorus content (60 
DAS), total alkaloid content (120 DAS) and seed yield (210 DAS) of Datura innoxia Mill. (Experiment 6) 
Parameters 
Shoot length 
Root length 
Leaf area 
Shoot fresh 
weight 
Root fresh weight 
Shoot dry weight 
Root dry weight 
Total chlorophyll 
content 
Leaf-N content 
Leaf-P content 
Leaf-K content 
Nitrate reductase 
activity 
Carbonic 
anhydrase activity 
Total alkaloid 
content 
Seed yield 
Number of 
capsules 
DAS 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
210 
210 
Leaf-N 
content 
0.786 NS 
0.965 ** 
0.969 ** 
0.973 ** 
0.957 ** 
0.978 ** 
0.990 ** 
0.985 ** 
0.966 ** 
0.953 ** 
0.988 ** 
0.979 ** 
0.840 NS 
0.981 ** 
0.968 ** 
0.968 ** 
0,987 ** 
0.983 ** 
0.865 NS 
0.979 ** 
0.986 ** 
0.964 ** 
0.963 ** 
0,986 ** 
„ 
0.998 ** 
-
0.998 ** 
0.981 ** 
0.992 ** 
0.989 ** 
0.543 NS 
0.974 ** 
0.929 * 
0.935 * 
0.936 * 
0.986 ** 
0.977 ** 
0.992 ** 
0,987 ** 
0.995 ** 
0.994 ** 
0.897 * 
0.994 ** 
Leaf-P 
content 
0.768 NS 
0.974 ** 
0.977 **• 
0.980 ** 
0.966 ** 
0.982 ** 
0,993 ** 
0,990 ** 
0,972 ** 
0.945 * 
0.993 ** 
0.984 ** 
0,822 NS 
• 0,986** 
0,962 ** 
0.962 ** 
0.992 ** 
0,985 ** 
0,848 NS 
0,985 ** 
0,992 ** 
0,970 ** 
0,973 ** 
0,989 ** 
0,998 ** 
0,997 ** 
0,999 ** 
-
0.986 ** 
0.992 ** 
0.989 ** 
0,568 NS 
0,979 ** 
0,942 * 
0.946 * 
0.946 * 
0,991 ** 
0,969 ** 
0.986 ** 
0.993 ** 
0,996 ** 
0,996 ** 
0,910* 
0.991 ** 
Total alkaloid 
content 
0,804 NS 
0.961 •* 
0.984 ** 
0,974 ** 
0.973 ** 
0,992 ** 
0,994 ** 
0,999 ** 
0,970** 
0,961 ** 
0,984 ** 
0,988** 
0,841 NS 
0,970** 
0.948 * 
0.977 ** 
0.984 ** 
0.984 ** 
0.870 NS 
0.987 ** 
0.982 ** 
0.971 ** 
0.973 ** 
0.974** 
0.995 ** 
0.995 ** 
0.996 ** 
0.996 ** 
0,993 ** 
0,978 ** 
0,997 ** 
0,521 NS 
0.980 ** 
0.946 * 
0,956 ** 
0,955 ** 
0,991 *• 
0.962 •* 
0.981 ** 
0.982 ** 
-
0.999 ** 
0,881 * 
0.997 ** 
Seed yield 
0,833 NS 
0.945 * 
0.976 ** 
0,962 ** 
0,962 ** 
0.989 ** 
0.989** 
0.981 ** 
0,961 ** 
0.973 ** 
0,975 ** 
0.982 ** 
0.864 NS 
0.959 ** 
0.948 NS 
0.986 ** 
0.974 ** 
0.981 ** 
0,894 * 
0,979** 
0.971 ** 
0,964 ** 
0,961 ** 
0,964 ** 
0.994 ** 
0,995 ** 
0,993 ** 
0,991 ** 
0.987 ** 
0.971 ** 
0,997 ** 
0,477 NS 
0,973 ** 
0.930 * 
0.943 * 
0,945 * 
0,984 ** 
0,966 ** 
0.984 •* 
0.971 ** 
0.997 ** 
0.995 ** 
0.855 NS 
— 
Significant at P> 0.05 (0.878); Significant at P> 0.01 (0.950); NS= Non significant; DAS= Days after sowing 
Table 70 Correlation coefficient values (r) of various parameters with leaf-nitrogen and leaf-phosphorus content (60 
DAS), total alkaloid content (120 DAS) and seed yield (210 DAS) of Ashwagandha {Withania somnifera L.) 
(Experiment 7) 
Parameters 
Shoot length 
Root length 
Leaf area 
Shoot fresh 
weight 
Root fresh weight 
Shoot dry weight 
Root dry weight 
Total chlorophyll 
content 
, 
Leaf-N content 
Leaf-P content 
Leaf-K content 
Nitrate reductase 
activity 
Carbonic 
anhydrase 
activity 
Total alkaloid 
content 
Seed yield 
Root yield 
Number of 
berries 
DAS 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
. 180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
210 
210 
210 
Leaf-N 
content 
0.948 NS 
0.964 * 
0.985 * 
0.842 NS 
-
0.995 ** 
0.953 * 
0.945 NS 
0.940 NS 
0.909 NS 
0.956 * 
0.939 NS 
0.983 * 
0.924 NS 
-
0.956 * 
0.971 * 
0.966 * 
0.910 NS 
-
0.997 ** 
0.964 * 
0.948 NS 
0.934 NS 
— 
0.968 * 
0.999 ** 
0.897 NS 
0.941 NS 
0,982 * 
0.989 * 
0.997 ** 
0.959 * 
0.880 NS 
0.979 * 
0.909 NS 
0.992 ** 
0.919 NS 
0.936 NS 
0.938 NS 
0.986 * 
0.983 * 
0.999 ** 
0.972 * 
0.979 * 
Leaf-P 
content 
0.991 ** 
0.980 * 
0.956 * 
0.992 ** 
0.902 NS 
0.870 NS 
0.988 * 
0.975 * 
0.994** 
0.990 * 
0.985 * 
0.994 ** 
0.961 * 
0.997 ** 
0.890 NS 
0.987 * 
0.876 NS 
0.899 NS 
0.998 ** 
0.895 NS 
0.930 NS 
0.946 NS 
0.985 * 
0.972 * 
0.897 NS 
0.758 NS 
0.879 NS 
-
0.987 * 
0.942 NS 
0.953 * 
0.929 NS 
0.985 * 
0.997 ** 
0.965 * 
0.998 ** 
0.944 NS 
0.997 ** 
0.982 * 
0.992 ** 
0.957 * 
0.944 NS 
0.912 NS 
0.896 NS 
0.946 NS 
Total alkaloid 
content 
0.987 * 
0.992 ** 
0.996 ** 
0.915 NS 
0.987 * 
0.976 * 
0.988 * 
0.985 * 
0.982 * 
0.966 * 
0.992 ** 
0.983 * 
0.998 ** 
0.972 * 
0.982 * 
0.991 ** 
0.968 * 
0.974 * 
0.962 * 
0.984 * 
0.996 ** 
0.988 * 
0.988 * 
0.978 * 
0.986 * 
0.914 NS 
0.977 * 
0.957 * 
0.985 * 
0.995 ** 
0.999 ** 
0.996 ** 
0,992 ** 
0.943 NS 
0.995 ** 
0.961 * 
0.999 ** 
0.973 * 
0,981 * 
0,983 * 
-
0.997 ** 
0.992** 
0.976 * 
0.995 ** 
Seed yield 
0.958 * 
0.972 * 
0.989 * 
0.858 NS 
0.998 ** 
0.994 ** 
0.962 * 
0.959 * 
0,951 * 
0,926 NS 
0,967 * 
0,951 * 
0,988 * 
0,936 NS 
0,998 ** 
0,966 * 
0,977 * 
0,975 * 
0,922 NS 
0,998 ** 
0.999 ** 
0.975 * 
0,961 * 
0,950 NS 
0,999 ** 
0,959 * 
0,996 ** 
0,912 NS 
0,955 * 
0,990 * 
0,993 ** 
0,999 ** 
0,968 * 
0,894 NS 
0.983 * 
0.921 NS 
0,996 ** 
0,934 NS 
0,951 * 
0,951 * 
0,992 ** 
0,991 ** 
-
0,980 * 
0,988 * 
Significant at P> 0,05 (0,950); Significant at P> 0,01 (0,990); NS= Non significant; DAS= Days after sowing 
Table 71 Correlation coefficient values (r) of various parameters with leaf-nitrogen and leaf-phosphorus content (60 
DAS), total alkaloid content (120 DAS) and seed yield (210 DAS) of Datura imoxia (Experiment 8) 
Parameters 
Shoot length 
Root length 
Leaf area 
Shoot fresh 
weight 
Root fresh weight 
Shoot dry weight 
Root dry weight 
Total chlorophyll 
content 
Leaf-N content 
Leaf-P content 
Leaf-K content 
Nitrate reductase 
activity 
Carbonic 
anhydrase activity 
Total alkaloid 
content 
Seed yield 
Number of 
capsules 
DAS 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
60 
120 
180 
210 
210 
Leaf-N 
content 
0.993 ** 
0.980 * 
0.973 * 
0.999 ** 
0.998 ** 
0.997 ** 
0.919 NS 
0.965 * 
0.957 * 
0.988 * 
0.999 ** 
0.998 ** 
0,988 * 
0.998 ** 
0.997 ** 
-
0.997 * 
0.999 ** 
0.998 ** 
0.999 ** 
0.992 ** 
0.953 * 
0.966 * 
0.966 * 
_ 
0.985 * 
0.986 * 
0.993 ** 
0.999 ** 
0.996 ** 
0.994 ** 
0.977 * 
0.996 ** 
0.996 ** 
0.986 * 
0.999 ** 
0.977 * 
0.996 ** 
0.983 * 
0.991 ** 
0.994 ** 
0.996 ** 
0.991 ** 
0.989 * 
Leaf-P 
content 
0.999 ** 
0.950 NS 
0.993 ** 
0.989 * 
0.985 * 
0.998 ** 
0.925 NS 
0.980 * 
0.966 * 
0.988 * 
0.993 ** 
0.992 ** 
0.998 ** 
0.984 * 
0.998 ** 
0.991 ** 
0.987 * 
0.993 ** 
0.998 ** 
0.989 * 
0.999 ** 
0.953 * 
0.938 NS 
0.959 * 
0.993 ** 
0.998 ** 
0.998 ** 
-
0.987 * 
0.979 * 
0.975 * 
0.995 ** 
-
0.999 ** 
0.998 ** 
0.986 * 
0.949 NS 
0.991 ** 
0.968 * 
0.994 ** 
0.989 * 
0.998 ** 
0.998 ** 
0.999 ** 
Total alkaloid 
content 
0.984 * 
0.971 * 
0.966 * 
0.991 ** 
0.990 * 
0.988 * 
0.957 * 
0.983 * 
0.982 * 
0.999 ** 
0.997 ** 
0.998 ** 
0.990 * 
0.989 * 
0.988 * 
0.992 ** 
0.998 ** 
0.997 ** 
0.991 ** 
0.990 * 
0.984 * 
0.981 * 
0.977 * 
0.988 * 
0.994 ** 
0.982 * 
0.978 * 
0.989 * 
0.994 ** 
0.991 ** 
0.987 * 
0.971 * 
0.990 * 
0.988 * 
0.977 * 
0.990 * 
0.979 * 
-
0.994 ** 
0.998 ** 
-
0.997 ** 
0.994 ** 
0.987 * 
Seed yield 
0.998 ** 
0.939 NS 
0.995 ** 
0.983 * 
0.978 * 
0.996 ** 
0.928 NS 
0.984 * 
0.969 * 
0.987 * 
0.990 * 
0.989 * 
0.995 *• 
0.978 * 
0.996 ** 
0.986 * 
0.982 * 
0.989 * 
0.994 ** 
0.983 * 
0.998 •* 
0.953 • 
0.930 NS 
0.956 * 
0.989 * 
-
0.998 ** 
0.999 ** 
0.982 * 
0.972 * 
0.967 * 
0.997 ** 
0.998 ** 
0.997 ** 
0.998 ** 
0.980 * 
0.939 NS 
0.989 * 
0.963 * 
0.994 ** 
0.987 * 
0.996 ** 
0.998 ** 
_ 
Significant at P> 0.05 (0.950); Significant at P> 0.01 (0.990); NS= Non significant; DAS= Days after sowing 
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CHAPTER 6 
SUMMARY 
The present thesis comprises six chapters. In Chapter 1 (Introduction), the 
importance of the problem "Influence of Triacontanol and Macronutrient Elements on 
the Growth, Yield and Alkaloid Content of Withania somnifera Dunal. L. and Datura 
innoxia Mill." has been discussed briefly. In view of the lacunae in the understanding 
of the problem, justifications have been put forward for undertaking the present work. 
Moreover, the logical basis of each of the eight experiments undertaken has been 
mentioned briefly. 
In Chapter 2 (Review of Literature) exhibits scientific literature pertaining to 
the general description of Ashwagandha and Datura plants. A brief history of 
inorganic plant nutrition, physiological roles of N as well as P and role of TRIA in 
agronomy of plants and relevant available references regarding individual effects of N 
and P on alkaloid-bearing medicinal solanaceous plants with special emphasis on 
Ashwagandha and Datura has been mentioned. The publications pertaining to the 
effect of TRIA on other plants have also been included. 
In Chapter 3 (Materials and Methods), details of the techniques and 
methodology employed for conducting the eight pot experiments have been given. 
The model of analyses of variance (ANOVA) for each experiment have also been 
mentioned. 
Chapter 4 (Experimental Results) includes the detailed data regarding crop 
response based on growth and biochemical parameters, yield characteristics and total 
alkaloid content. These were mostly found significant on statistical analysis at 
p> 0.05. The salient data of the eight pot experiments conducted on Ashwagandha and 
Datura, grown in winter viz. "rabi" season, are summarized below. 
Experiment 1 (2004-2005) was conducted on Ashwagandha according to a 
simple randomized design. The aim of this experiment was to find out the optimum 
basal dose of N viz. 0, 15, 22.5 and 30 mg N per kg soil (No, N30, N45 and Neo, 
respectively) applied at 45 DAS. The performance of the crop was determined with 
regard to (i) growth parameters (shoot and root lengths per plant, leaf area per plant 
and shoot and root fresh as well as dry weights per plant), (ii) biochemical parameters 
(total chlorophyll and carotenoid contents, leaf-N, P and K contents, nitrate reductase 
ai:tivity, carbonic anhydrase activity), (iii) yield characteristics (berries per plant, 
Summary Page 94 
seeds per berry, 100-seed weight, seed-yield, root-yield and (iv) quality characteristic 
(total alkaloid content). The growth, biochemical and quality parameters were studied 
at 60, 120 and 180 days after sowing, respectively. Yield characteristics were studied 
at the time of harvest (210 DAS). Most of the parameters studied in this experiment 
showed significant response towards N application. N45 (22.5 mg N per kg soil) 
proved optimum, giving maximum values for all the growth, biochemical, yield and 
quality parameters, except carotenoid and phosphorus content at all the stages of 
growth and seeds per berry as well as 100-seed weight at harvest. N45 significantly 
increased seed-yield by 23.5% at harvest and total alkaloid content by 17.3% at 120 
DAS, over the respective controls. However, highest root-yield was obtained in N30 
treatment being 14.0% more than control at harvest. 
Experiment 2 (2004-2005) was conducted on Datura according to a simple 
randomized design, to find out the optimum basal N dose. N was applied at 0, 15, 30 
and 45 mg N per kg soil (No, N30, Ngo and N90, respectively) at 45 DAS. The 
performance of the crop was assessed with regard to the following parameters: (i) 
growth parameters (shoot and root lengths per plant, leaf area per plant and shoot and 
root fresh as well as dry weights per plant), (ii) biochemical parameters (total 
chlorophyll and carotenoid contents, leaf-N, P and K contents, nitrate reductase 
activity, carbonic anhydrase activity), (iii) yield characteristics (capsules per plant, 
seeds per capsule, 100-seed weight, seed-yield and (iv) quality characteristic (total 
alkaloid content). The growth, biochemical and quality parameters were studied at 60, 
120 and 180 DAS, respectively. Yield characteristics were studied at the time of 
harvest (210 DAS). Neo proved the best treatment among the doses of nitrogen tested 
for all the growth, biochemical, yield and quality parameters, except carotenoid 
content, phosphorus content, seeds per capsule and 100-seed weight as they were not 
affected by N application. Neo treatment significantly increased seed-yield and total 
alkaloid content by 22.8%) at harvest and 11.1%) at 120 DAS compared to their 
respective controls. 
Experiment 3 (2005-2006) was conducted on Ashwagandha according to a 
simple randomized design. The aim of this experiment was to find out the optimum 
basal dose of P among the four P levels, viz. 0, 6.5, 13 and 20 mg.P per kg soil (Po, 
P13, P26 and P40, respectively) applied at 45 DAS. The parameters studied and the 
sampling stages were the same as in Experiment 1. The application of P significantly 
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enhanced most of the parameters except carotenoid content, seeds per berry and 
100-seed weight per plant. Among the basal levels of P, P26 proved the best. It 
significantly increased seed-yield, total alkaloid content by 23.0% at 210 DAS and 
15.3% at 120 DAS, over their respective controls. The root yield was enhanced by 
22.2% over the respective control at harvest. 
Experiment 4 (2005-2006) was conducted on Datura according to a simple 
randomized design. The aim of this experiment was to find out the optimum basal 
dose of P out of five P levels, viz. 0, 10, 15, 20 and 25 mg P per kg soil (PQ, P20, P30, 
P40 and P50, respectively) applied at 45 DAS. The parameters studied and the 
sampling stages were the same as in Experiment 2. Out of the five P levels, P40 proved 
optimum for all the growth, biochemical, yield and quality parameters studied, except 
carotenoid content and seeds per capsule as well as 100-seed weight which were 
found non-significant. This treatment enhanced seed-yield by 22.7% at harvest and 
total alkaloid content by 17.2% at 120 DAS, when compared with their respective 
controls. 
Experiment 5 (2006-2007) was conducted on Ashwagandha according to a 
simple randomized design. The aim of this experiment was to work out the optimum 
dose of molar concentration of TRIA on the performance of the above mentioned crop 
in terms of the same parameters as in Experiment 1. Six foliar sprays each of 0, 10"^ 
10' , 10" and 10' (To, Ti, T2, T3 and T4, respectively) were applied on the foliage 
of the crop at regular intervals of 15 days with the first spray applied at 45 DAS. The 
parameters studied and the sampling stages were the same as in Experiment 1. Out of 
the five levels of TRIA, treatment T2 proved best as it enhanced all the growth, 
biochemical, yield and quality parameters except carotenoid content, seeds per berry 
and 100-seed weight which were non-significant. This treatment significantiy 
increased seed-yield and total alkaloid content by 42.5%) and 19.8%o at 210 and 120 
DAS, respectively over the relevant control. The root yield was enhanced by 26.4%) 
over the respective control at harvest. However, the highest dose of TRIA (T4) proved 
to be deleterious for the crop. 
Experiment 6 (2006-2007) was conducted on Datura according to a simple 
randomized design. The aim of this experiment was to establish the optimum 
concentration of foliar spray of TRIA on the basis of the performance of the crop. Six 
sprays each of the same level of TRIA as in Experiment 5 were applied to the crop at 
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the intervals of 15 days, with the first spray being given at 45 DAS. All the 
parameters and the sampling stages studied were the same as in Experiment 2. Among 
the five TRIA levels, T2 proved the best and significantly enhanced all the parameters, 
except carotenoid content, seeds per capsule and 100-seed weight which were not 
affected by TRIA application and were found non-significant. Treatment T2 increased 
seed yield and total alkaloid content by 27.1% at harvest and 20.2% at 120 DAS, over 
the respective controls. However, the highest dose of TRIA (T4) proved to be 
deleterious for the crop. 
Experiment 7 (2007-2008) was conducted on Ashwagandha according to 
simple randomized design. The aim of this experiment was to find out the best 
combination of N and P in the presence of the optimum concentration of TRIA spray 
determined in Experiment 5. Four basal combinations of N and P, viz. 0 kg N + 0 kg 
P per ha (NQPO), N30P13, N45P26 and N60P40 were applied. The plants were subjected to 
six fortnightly sprays of 10'^  M^ TRIA (T2) determined as optimum in Experiment 5. 
The treatments were designated as (i) NQPO + T2, (ii) N30P13 + T2, (iii) N45P26 + T2 and 
N60P40 + T2. N and P were applied to the soil at 45 DAS. The crop performance was 
determined keeping the same parameters and the sampling stages as in Experiment 1. 
The values of all the growth, biochemical, yield and quality parameters studied in this 
experiment (except carotenoid content, seeds per berry and 100-seed weight) were 
significantly enhanced as a result of N and P fertilizers applied basally to the soil with 
foliar-application of TRIA. Among the treatments, N45P26 + T2 proved the best and 
increased seed-yield and root yield at harvest respectively by 43.0%, 27.0% and total 
alkaloid content by 20.0% at 120 DAS, over the respective controls. 
Experiment 8 (2007-2008) was conducted on Datura according to a simple 
randomized design. The aim of this experiment was to find out the best combination 
of N and P in the presence of the optimum concentration of TRIA spray determined in 
Experiment 6. Four basal combinations of N and P, viz. 0 kg N + 0 kg P per ha 
(NQPO), N30P30, N60P40 and N90P50, were applied. The plants were subjected with six 
sprays of 10'^  ^ M TRIA (T2) as optimum determined in Experiment 6. The treatments 
were designated as (i) NQPO + T2, (ii) N30P30 + T2, (iii) N60P40 + T2 and N90P50 + T2. 
The crop performance was determined in terms of growth and biochemical 
parameters, yield characteristics and quality attribute (total alkaloid content). N and P 
were applied to the soil at 45 DAS, respectively. The parameters and the sampling 
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stages studied were the same as in Experiment 2. Of the four treatments, N60P40 + T2 
proved the best and enhanced all growth, biochemical, yield and quality parameters, 
except carotenoid content, seeds per capsule and lOO-seed weight, which were found 
non-significant. This treatment significantly increased seed-yield and total alkaloid 
content over their controls by 39.6% at harvest and 20,2% at 120 DAS, respectively. 
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APPENDIX 
Reagent for determination of chlorophyll content 
1.1 80% Acetone: 
80 mL of acetone was mixed in 20 mL of DDW. 
Reagents for determination of Nitrate reductase activity 
2.1 0. IM phosphate buffer (7.4 pH): 
27.2 g KH2PO4 and 45.63 g of K2HPO4.7H2O were dissolved separately 
in 1000 mL of DDW. The above solutions of KH2P04and K2HPO4.7H2O 
were mixed in the ratio 16 : 84. 
2.2 0.2M KNO3: 
20.2 g of KNO3 was dissolved in sufficient DDW and final volume was 
made upto 1000 mL, using DDW. 
2.3 5% Isopropanol: 
5mL of isopropanol was pipetted into sufficient DDW and final volume 
was made upto lOOmL, using DDW. 
2.4 1% sulphaniiamide: 
1 g of sulphaniiamide was dissolved in 100 mL of 3 N HCl. 3N HCl was 
prepared by dissolving 25.86 mL of HCl in sufficient DDW and final 
volume was maintained upto 100 mL, by using DDW. 
2.5 0.02% N-1 naphthyl ethylene diamine dihydrochloride (NED-HCl): 
20 mg of NED-HCl was dissolved in sufficient DDW and final 
volume was made upto 100 mL, by using DDW. 
Reagents for determination of carbonic anhydrase activity: 
3.1 0.2 M aqueous cystein solution: 
48 g of cystein was dissolved in 1000 mL. 
3.2 Phosphate buffer of pH 6.8: 
5.365 g of Na2HP04 and 2.78 g of NaH2P04.2H20 were dissolved 
separately in 100 mL of DDW. The above solutions of Na2HP04 and 
NaH2P04.2H20 were mixed in the ratio 49:51. 
3.3 Sodium bicarbonate solution (0.2 M) in 0.2 M sodium hydroxide solution: 
16.8 g sodium bicarbonate was dissolved in sodium hydroxide solution 
(0.8 g NaOH/L) and final volume was maintained up to 1000 mL with 
sodium hydroxide solution. 
3.4 0.002% bromothymol blue: 
0.002 g of bromothymol blue was dissolved in sufficient DDW and final 
volume was made upto 100 mL, by using DDW. 
3.5 0.05 N hydrochloric acid: 
4.3 mL pure hydrochloric acid was mixed with 5.7 mL DDW. 
3.6 Methyl Red: 
A pinch of methyl red was dissolved in sufficient ethanol and final volume 
was made 100 mL using ethanol. 
Reagents for the estimation of nitrogen, phosphorus and potassium: 
4.1 Sodium hydroxide solution (2.5N): 
100 g sodium hydroxide was dissolved in sufficient DDW and final 
volume was maintained up to 1000 mL with DDW. 
4.2 Sodium silicate solution (10%): 
10 g sodium silicate was dissolved in sufficient DDW and final volume 
was made up to 100 mL with DDW. 
4.3 Nessler's reagent: 
3.5 g potassium iodide was dissolved in 100 mL DDW in which 4% 
mercuric chloride was added with stirring until a slight red precipitate 
remains, then 120 g NaOH was mixed with 250 mL DDW. The mixture 
was kept in an amber coloured bottle. 
ii 
4.4.1 Molybdic acid reagent: 
6.25 g ammonium molybdate was dissolved in 175 mL 10 N H2SO4. 
4.4.2 10 N sulphuric acid: 
27.2 mL sulphuric acid was mixed with 72.8 mL DDW. 
4.5 Aminonaphthol sulphonlc acid: 
500 mg l-amino-2-naphthol-4-sulphonic acid was dissolved in 195 mL 
15% sodium bisulphate to which 5 mL 20% sodium sulphite solution was 
added. The solution was kept in an amber coloured bottle. . 
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